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JU3PETYJIALIA AYTO®ATIT Y JEMKOIIUTAX NIEPU®EPUYHOI
KPOBI IK ®PAKTOP PO3BUTKY IHOJAMENKUHTY

B IMYHOCKOMITPOMETOBAHUX OCIb HA ITPUKJIANII
BIMCHhKOBOCJYKBOBIIIB CUJ1 OGOPOHU YKPATHU

TA YYACHUKIB JIKBIJALIII HACJTIAKIB ABAPII HA YAEC

MeTa: ouiHUTK (YHKLiOHaNbHKUI CTaH Ta BikOBi 0co6aMBOCTI ayTodarii y neitkounuTax nepudepuyHoi Kposi, AK dak-
TOpPY PU3MKY PO3BUTKY iHGNAMeaXuUHIy Ha npuknaai BiicbkoBocnyx60BUiB Cun 060poHM YKpaiHW Ta y4YacHMKIB
nikeigauii Hacnipkis aBapii Ha YAEC.
Marepianu i metopu. O6¢TexeHo 103 nauieHTa yonosivoi ctari, Bikom 28-77 (56,48 + 9,05) pokis. Cepep Hux: oc-
HOBHa rpyna — 23 BiiicbkoBocnyx608Li Cun 060poHM Ykpainu, Bikom 44—59 (50,21 + 5,13) pokiB; rpyna nopiBHAHHA —
57 y4acHuKiB nikeipauii Hacnigkis aBapii (JIHA) Ha YAEC, Bikom 56-63 (60,31 + 1,78) pokiB i KOHTpONbHa rpyna — 23
LMBiNbHi 0cobw, Bikom 28-77 (53,26 + 15,98) pokiB. 0co6M OCHOBHOT i KOHTPONIbHOT rpynK BynK po3noaineHi 3anex-
HO Bip BiKy Ha nigrpynu no 50 pokiB i ctapue 50 pokiB. YyacHuku JIHA na YAEC 6ynu nogineHi Ha 3 nigrpynu 3anex-
HO Bif 403 onpomiHeHHs: I — D <100 m3g, IT — 100 < D < 500 m3B i III — D > 500 m3B. AHani3 nokasHukiB ayTodarii
y nerkouutax nepudepuyHoi kposi (MK) npoBognnmn 3 BUKOPUCTAHHAM NPOTOYHOT LMTOMETPIT i noNiMepasHoi naHu-
roBoi peakuii.
Pe3ynbratu. Y nauieHTiB OCHOBHOT rpynu NOKasHUKM akTMBHOCTI aytodarii (AAF) rpaHynouuTiB Ta ekcnpecii reHa
SQSTM1 y neitkoumtax MK 3HMxKyBanucs. BussneHo 3HMKEHHS XN0OPOXiH-iHAYKOBAHOro HakonuyeHHs 6inka LC3B y
neikoumtax, AAF y moHoumTax MK Ta ekcnpecii renis MTOR, RB1CC11 MAP1LC3B y BilicbkoBocnyx60BLiB Cun o6opo-
HU YKkpaiHu, monoawe 50 pokiB. MokasHWKKM cnoHTaHHOro piBHA Ginka LC3B i AAF y MoHouuTax i piBeHb ekcnpecii
reHiB PIK3C3, ULK1i MAP1LC3By neiikouuTax MK 6ynu nigBuweHi y BiicbkoBocnyx60osLiB Cun o6opoHun Ykpainu, ctap-
we 50 pokie. B yyacHukis JIHA Ha YAEC pi3Hux [030BKUX rpyn CnocTepiranocs 3HuKeHHs nokasHukis AAF y nimdo-
uuTax i rpaHynouuTax, pisHa LC3B y moHouuTax nicns iHKy6auii 3 xnopoxiHom, ekcnpecii reHis MTOR, RB1CC1, SQSTM1,
ULK1, MAP1LC3B, BECN1 i PIK3C3y neitkouutax K, a nokasHuk AAF moHouuTiB 6yB BULLMM. BusBneHo cxoxi 3miHu no-
Ka3HMKiB XN0POXiH-iHAYKOBAHOrO HakonuyeHHs LC3B y nimcbouymtax i moHoumuTtax yyacHukis JIHA Ha YAEC Ta Biiicb-
KOBOCNYXO60BLiB 060X BiKOBUX rpyn, a TaKOX CMOHTaHHOro piBHA 6inka LC3B y moHouuTax MK B yyacHukis JIHA Ha
YAEC, siki 6ynu onpomiHeHi y go3ax Ginbwe 100 M3B i uuBinbHUX 0Cib, cTapwe 50 pokis.
BucHoBKuU. BcTaHoBNeHa ogHOCTpssMOBaHa An3perynsis aytodarii y BiicbkoBocnyx608Lis Cun 060poHu Ykpainu Ta
yyacHukiB JIHA Ha YAEC. HasBHi 3MiHM noka3HuKiB ayTodarii MOXyTb NPU3BOANUTU A0 NOPYWEHHA PYHKLIOHYBAHHA
ayTodariyHoro anapary neikouutie Ha piBHi MPHK i 6inka, a TakoX CUrHanbHMUX WAAXiB, i 6yTM NOB'A3aHUMM 3 BiKO-
BUMU 3MiHAMU AIK HA KNiITMHHOMY, TaK i opraHiaMeHHOMy piBHsX. [10fBa HOBKX i NepcUCTEHLiA BiNbLW paHHix cTpecop-
HWUX YNHHWKIB BHACNIAOK BilHW CTBOPIOIOTb J0AaTKOBE HABAHTAXEHHS HAa MEeXaHi3MM MiATPUMKM roMeocTasy, Lo npo-
CNiKOBYETbLCA B 0Ci0, AKi 3a3Hanu Aii ioHi3y0Yoro BUNpoMiHioBaHHS noHag 30 poKiB ToMy. 3HaiAeHi MiXrpynosi Bif-
MiHHOCTI 1 NOLIGHOCTI MOXKYTb aKTUBYBATW OfHIIA i1 Ti cami yM NOfLiIOGHT MexaHi3MM NaToNOriYHMX NPOLECiB, WO 3peLl-
TOl0, NiABULLATL PU3MKM PO3BUTKY BiK-acoLii0BaHOT XPOHI4HOT COMATUYHOT NATONONIT y MONOALWMX BIKOBUX rpynax.
KniouoBi cnoBa: aytodaris; LC3B; neitkounTu; iHhnamenmKuHr; iMyHHa cuCcTeMa; CTPeC; BiliCbKOBOCNYXO0BLi; Bill-
Ha; ioHi3ytoye BUNpPOMiHIOBaHHA; YopHobunb; aBapis Ha YAEC.
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DYSREGULATION OF AUTOPHAGY IN PERIPHERAL BLOOD
LEUCOCYTES IS A FACTOR IN THE DEVELOPMENT OF
INFLAMMAGING IN IMMUNOCOMPROMISED PERSONS
ON THE EXAMPLE OF THE SERVICEMEN OF THE DEFENSE
FORCES OF UKRAINE AND CLEAN-UP WORKERS OF THE
CHORNOBYL ACCIDENT

Objective. To assess the functional state and age-related characteristics of autophagy in peripheral blood leuko-
cytes as a risk factor for the development of inflammaging using the example of the servicemen of the Defense
Forces of Ukraine and clean-up workers of the Chornobyl accident.
Materials and methods. A total of 103 male patients aged 28-77 (56,48 + 9,05) years were examined. They includ-
ed: the main group - 23 servicemen of the Defense Forces of Ukraine aged 44-59 (50,21 + 5,13) years; the compari-
son group — 57 clean-up workers of the Chornobyl accident aged 56-63 (60,31 + 1,78) years; and the control group -
23 civilians aged 28-77 (53,26 + 15,98) years. The individuals in the main and control groups were divided accord-
ing to age into subgroups under 50 years and over 50 years. Clean-up workers were divided into 3 subgroups depend-
ing on the radiation dose: I — D < 100 mSy, IT — 100 < D < 500 mSv and III - D = 500 mSv. Analysis of autophagy
parameters in peripheral blood leukocytes (PB) was performed using flow cytometry and polymerase chain reaction.
Results. In patients of the main group, the autophagy activity factor (AAF) of granulocytes and the expression of the
SQSTM1 gene in PB leukocytes decreased. A decrease in chloroquine-induced accumulation of LC3B protein in leuko-
cytes, AAF in PB monocytes and the expression of the MTOR RB1CC1 and MAP1LC3B genes was revealed in servicemen
of the Defense Forces of Ukraine under 50 years of age. The spontaneous levels of LC3B protein and AAF in monocytes
and the expression level of PIK3C3, ULKT1 and MAP1LC3B genes in PB leukocytes were increased in servicemen of the
Defense Forces of Ukraine over 50 years of age. The clean-up workers of different dose groups showed a decrease in
the AAF in lymphocytes and granulocytes, the LC3B level in monocytes after incubation with chloroquine, the expres-
sion of the MTOR, RB1CC1, SQSTM1, ULK1, MAP1LC3B, BECN1 and PIK3C3 genes in PB leukocytes, and the AAF of mono-
cytes was higher. Similar changes were revealed in the indices of chloroquine-induced LC3B accumulation in lympho-
cytes and monocytes of the clean-up workers and servicemen of both age groups, as well as the spontaneous LC3B pro-
tein level in PB monocytes of the clean-up workers irradiated at doses above 100 mSv and civilians over 50 years old.
Conclusions. Unidirectional dysregulation of autophagy was established in the servicemen of the Defense Forces of
Ukraine and the clean-up workers of the Chornobyl accident. The existing changes in autophagy parameters can lead
to disruption of the functioning of the autophagic apparatus of leukocytes at the level of mRNA and protein, as well
as signaling pathways, and be associated with age-related changes at both the cellular and organismal levels. The
emergence of new and persistent earlier stress factors as a result of the war creates an additional load on the mech-
anisms of maintaining homeostasis, which is observed in individuals exposed to ionizing radiation more than 30
years later. The found intergroup differences and similarities can activate the same or similar mechanisms of patho-
logical processes, which will ultimately increase the risks of developing age-associated chronic somatic pathology
in younger age groups.
Key words: autophagy; LC3B; leukocytes; inflammaging; immune system; stress; servicemen; war; ionizing radia-
tion; Chornobyl accident.
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BCTYII INTRODUCTION

AyTo(aris — 11e eBOIIOLITHO KOHCEpBaTUBHUI MeXaHi3M,  Autophagy is an evolutionarily conserved mecha-
IO KOHTPOJIIOE KIITUHHUIA TOMeocTa3, CIpUsIIouM eliMi-  nism that controls cellular homeostasis by promot-
Hallii HeTTPaBMWJIBHO 3rOPHYTHX ONIKIiB i mucyHKIioHamb-  ing the elimination of misfolded proteins and dys-
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HUX OpraHeJ, HalpuKJaa, MiTOXOHAPil Ta eHaoI1a3Ma-
TUYHOTO PETUKYJIYMY, 32 y4acTi Ji30COMaJIbHOI CUCTE-
wmu [1]. Crpec, nediuT MOXMBHUX PEYOBHH i MOIIKOIKE-
Hi opraHeNM aKTUBYIOTh Y KJIITUHAX Mpoiiec ayrodarii [2].
ITpurHiveHHs ayrodarii MiIBUIILYE CIPUAHATIUBICTD 10
OKMCHOTO TTOILIKO/KEHHSI Ta arloNTOo3Yy, TOMI SIK aKTUBALIisI
ayrodarii TIpu3BOAWTH O iHTIOyBaHHS arrornrTo3y. Xoda
ayTtodaris Bimirpae 3aXvcHY poJjb Y BiIITOBiAb HA €K30TeH-
HUIi CTpec, TpuBaja TilepakTUBallisg ayTrodarii Takox
MPU3BOAUTH J10 3arudeti KJIiTUH, KOJIU Aerpafallisl LIUTO-
30JTI0 Ta OpPTraHeJI € He3BOPOTHROIO | 3]. 3 BIKOM aKTHUBHICTh
ayTocarii 3HKYEThCS, 1110 MPU3BOAUTE 10 HAKOITUYEHHS
KJIITUHHOTO 1€0pUCY, MOCWIEHHSI OKCUAATUBHOTO CTPECY
i, IK HACJIiAOK, A0 KJIITMHHOTIO CTapiHHS Ta PO3BUTKY BiK-
acOLIIOBaHNX 3aXBOPIOBAHb [2]. 3’IBIISIETLCS BCe OiTbIle
JIOKa3iB TOTO, 1110 ayTodaris TToB’si3aHa 3 peakllisiMU 3ara-
JICHHSI, SIKi aKTUBYIOTBCSI ITpY OaraTboX IAaTOJIOTIYHMX CTa-
Hax [1]. 3HMKEeHHSI aKTMBHOCTI ayTodarii cpusie 3ama-
JIGHHI0, Y TOMY YMCJIi 32 JOIIOMOTO10 MPsIMOI y4acTi y (hop-
MyBaHHi TTp03arajibHOTO CTaHy. 3 OJHOTo OOKY, CTUMY-
JIIOETBCS OKCUIATHBHMII CTpeC IIISIXOM HaKOITMYEHHS
MOIIKOMXKEHUX MITOXOHIPIiiA, a 3 IHILIOTO — YTBOPIOIOTHCS
aJUMNOKIiHM, IO BilirpaloTh BaXKJIMBY POJib y 3allajleHHi.
Po3BuBaeThCs cucTeMHe 3arajieHHs] HU3bKOI'O CTYIIEHS —
iH(IaMeNIKMHT, 10 CTa€ BiAMpPaBHOK TOUYKOIO JJII HAC-
TYIMHUX 3MiH, OB’ I3aHUX 3 PI3HUMM CUCTEMHMMU PO3Ja-
Jamu [4]. [ndramMelimKHT € PaKTOpoM PU3NKY PO3BUTKY
CepLEeBO-CYIMHHUX 3aXBOPIOBAHb, IIyKPOBOTO JiabeTy, Xpo-
HiYHOI XBOPOOM HUPOK, OCTEOMOPO3Y Ta HEBPOJOTIYHUX
3axBoproBaHsb [5]. ITaTosorii, po3BUTOK SIKMX MOB’SI3aHUI
3 IABUILIEHHSIM OKCHIATUBHOIO CTpecy (CepleBO-Cy-
JWUHHI, XBopoba KpoHa Ta 0xkMpiHHSI), MPUTHIYYIOTh ayTO-
(bariro, cipusioun nporpecii 3axBoproBaHHs [6]. Juspery-
Jisiuist ayrodarii MpU3BOAUTD A0 3MiH BPOMXKEHOI iMyHHOI
BIIITOBIfi, BITTMBAIOYM Ha aKTHMBHICTD iH(IaMacoM, ceK-
pelilo LUTOKIiHIB, MPe3eHTAallil0 aHTUTEeHIB i (DYHKIIIOHY-
BaHHS TiMoLuTiB [7, 8], 1110 CTa€ MiArPYHTSIM 3HWXKEHHS
KOTHITMBHOI (DYHKIIii, PO3BUTKY 3JIOSIKICHUX HOBOYTBO-
peHb Ta ayTOIMyHHUX peaKIIiil y JIIoJei TTOXMIIOTo BiKy [9].
HaOytuit crapitounMuy KJITiTUHAMU CEKpeTOPHUI (peHOo-
TUM, MOB’s13aHM 3i cTapiHHSIM (SASP), cTBOpIOE 3aMKHE-
HY BHYTPIIIHbOKJIITUHHY CUTHAJILHY TIETIIO, 110 aKTUBYE
3anaJibHUi Kackaj i 3abesredyye Moro MmiaTpuMKy [6].
3pelTor, CKIagHUR Habip FeHEeTUYHUX, eKOJOTIUHUX i
BiKOBUX (pakToOpiB, 1110 B3aEMOMIIIOTH MiX CO0OI0, Bil-
MOBiIa€ 3a CTiMKICTh OpraHi3My 10 iHIaMeKuHTy [2].

META JOCIIJIZKEHHA

OuiHnuTU QYHKLIOHATIBHUN CTaH Ta BiKOBi 0COOJMBOCTI
aytodarii y Jeiikonurax nepu@epudHoi KpoBi, K (ak-
TOPY PU3UKY PO3BUTKY iH(pIAMEHIKUHTY HA TPUKJIIaIi

functional organelles such as mitochondria and
endoplasmic reticulum, with the participation of the
lysosomal system [1]. Stress, nutrient deficiency, and
damaged organelles activate the autophagic process
in cells [2]. Inhibition of autophagy increases suscep-
tibility to oxidative damage and apoptosis, whereas
activation of autophagy leads to inhibition of apopto-
sis. Although autophagy plays a protective role in
response to exogenous stress, long-term hyperactiva-
tion of autophagy also leads to cell death when
cytosol and organelle degradation is irreversible [3].
With age, autophagic activity decreases, which leads
to the accumulation of cellular debris, increased
oxidative stress, and, as a consequence, cellular aging
and the development of age-associated diseases [2].
There is growing evidence that autophagy is associat-
ed with inflammatory responses activated in many
pathological conditions [1]. Decreased autophagy
activity promotes inflammation, including through
direct participation in the formation of a proinflam-
matory state. On the one hand, oxidative stress is
stimulated by the accumulation of damaged mito-
chondria, and on the other hand, adipokines are
formed, which play an important role in inflamma-
tion. Low-grade systemic inflammation, inflammag-
ing, develop, becoming the starting point for subse-
quent changes associated with various systemic dis-
orders [4]. Inflammaging is a risk factor for the devel-
opment of cardiovascular diseases, diabetes mellitus,
chronic kidney disease, osteoporosis, and neurologi-
cal diseases [5]. Pathologies whose development is
associated with increased oxidative stress (cardiovas-
cular, Crohn’s disease, and obesity) inhibit auto-
phagy, contributing to disease progression [6]. Dys-
regulation of autophagy alters the innate immune
response by affecting inflammasome activity, cyto-
kine secretion, antigen presentation, and lympho-
cyte function [7, 8], which underlies cognitive
decline, development of malignancy, and autoim-
munity in elderly people [9]. The senescence-asso-
ciated secretory phenotype (SASP) of the senescent
cells creates a closed intracellular signaling loop that
activates and maintains the inflammatory cascade
[6]. Ultimately, a complex set of interacting genetic,
environmental, and age-related factors is responsi-
ble for the body’s resistance to inflammaging [2].

OBJECTIVE

To assess the functional state and age-related char-
acteristics of autophagy in peripheral blood leuko-
cytes as a risk factor for the development of inflam-
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BiiCbKOBOCIY>k00BLiB Cujl 000poHM YKpaiHu Ta
YYaCHUKIB JikBifauii HacainkiB aBapii Ha YAEC.

IMAIIIEHTHU I METOJIU

Ho rpyn obctexxeHHs yBiau 103 ocodbu yoynoBivoi
ctaTi, Bikom 28—77 (56,48 £ 9,05) pokiB. OCHOBHY
Tpyny iMYHOCKOMITPOMETOBAHUX 0OcCi0 ckmamm 23
BilicbKOBOCTY:K00BI1Ii Cu1 000poHU YKpaiHu, BiKoM
44—59 (50,21 £ 5,13) pokiB, a rpyIty MOPiBHSIHHS —
57 yyacHuKiB nikBigauii HacaiakiB aBapii (JIHA) Ha
YAEC, BikoM 56—63 (60,31 £ 1,78) pokiB. KoHrt-
poabHa rpymna (KI') — 23 nuBinbHi ocodu (Bik 28—77
(53,26 *+ 15,98) pokiB), siki He Opanu yvacti B JIHA
Ha YAEC i He MeluKaIv Ha pafioakKTUBHO 3a0pyaHe-
HUX TepuTopisgx. OCHOBHY i KOHTPOJIBHY IPYITH OYJI0
MOAiJIEeHO Ha 2 MiATrpynu, 3ajexKHO Bif BiKY: MiArpy-
na 1 — BilicekoBocy>x00B1i (B1) Ta muBinbHi (K1),
no 50 pokiB (Bik < 50) i miarpyna 2 — BilicbKOBOC-
nyxooBUi (B2) ta nuBineHi (K2), crapme 50 pokis
(Bik > 50). lomaTkoBo yyacHukiB JIHA na YAEC 0y-
JIO pO3MOAIEHO Ha 3 MiATPYINU, 3aJIEXXHO Bil MTO3U
onpoMiHeHHs. B ycix o0cTexeHux ocid HasiBHi 3aX-
BOPIOBaHHSI COMAaTMYHOIO XapakKTepy Ta BiICyTHs
OHKO- YM OHKOIeMaToJIOTiYHa I1aTOJIOrisl B aHaM-
He3i. 3arajibHa XapaKTEepUCTHKa TPyl OOCTEXEHHS
HaBeJeHa y Ta0JI. 1.

OcHOBHUM O0i0JIOTIYHMM MapKepoMm ayTodarii €
6inok LC3B (microtubule associated protein 1 light
chain 3 beta) [10]. Iy11 BU3BHaUeHHST aKTUBHOCTI ayTO-
¢arii 3a BimHocHUMU piBHsIMU LC3B y neiikonurax
nepudepmnunoi Kposi (ITK) miasHY KpoB po3momis-
M Ha aABi 15-minmimeTrpoBi mpoOipku. B omHy
npoOipKy ModaBaJli JIWIIE XXWUBUJIbHE CEPEIOBUIIE
RPMI-1640 Medium 3 L-rayraMiHOM Ta HaTpilo

Ta6nauusa 1
XapaKTepucTuKa rpyn o6cTexeHHA

Table 1
Characteristics of the studied groups

maging using the example of the servicemen of the
Defense Forces of Ukraine and clean-up workers of
the Chornobyl accident.

PATIENTS AND METHODS

The study groups included 103 males aged 28—77
(56.48 £ 9.05) years. The main group of immunocom-
promised individuals included 23 servicemen of the
Defense Forces of Ukraine, aged 44—59 (50.21 *+
5.13) years, and the comparison group included 57
clean-up workers of the Chornobyl accident, aged
56—63 (60.31 £ 1.78) years. The control group
(Control) included 23 civilians (aged 28—77 (53.26 +
15.98) years) who did not participate in the liquidation
of the consequences of the Chornobyl accident and
did not live in radioactively contaminated areas. The
main and control groups were divided into 2 subgroups
depending on age: subgroup 1 — servicemen (B1) and
civilians (K1), under 50 years old (age < 50) and sub-
group 2 — servicemen (B2) and civilians (K2), over 50
years old (age > 50). Additionally, the clean-up work-
ers were divided into 3 subgroups depending on the
radiation dose. All examined individuals have somatic
diseases and no history of onco- or oncohematological
pathology. The characteristics of the examination
groups are given in Table 1.

The main biological marker of autophagy is the pro-
tein LC3B (microtubule associated protein 1 light
chain 3 beta) [10]. To determine autophagy activity by
relative LC3B levels in peripheral blood (PB) leuko-
cytes, whole blood was divided into two 15 ml tubes.
One tube contained only the RPMI-1640 Medium
with L-glutamine and sodium bicarbonate (Sigma-
Aldrich, USA) with 10 % fetal bovine serum (Sigma-

Fpynu o6cTexxenHs / Study group

KinbkicTb (0ci6)
Number of patients, n

Lo3sa, m38 / Dose, mSv
M = SD (min / max)

Bik, poku / Age, years
M = SD (min / max)

KontponbHa rpyna / Control group 23 53,26 + 15,98 (28 / 77) -
nigrpyna K1 / subgroup K1 (Bik / Age < 50) 10 37,50 + 6,05 (28 / 45) -
nigrpyna K2 / subgroup K2 (Bik / Age > 50) 13 65,38 + 8,62 (51 /77) -

OcHoBHa rpyna — BiiicbkoBocyx60BLji / Main group — servicemen 23 50,21 + 5,13 (44 / 59) -
nigrpyna B1 / subgroup B1 (Bik < 50 / Age < 50) 13 46,46 + 2,10 (44 / 49) -
nigrpyna B2 / subgroup B2 (Bik > 50 / Age > 50) 10 55,10 = 3,41 (50 / 59) -

YyacHukm JTHA Ha YAEC / Clean-up workers 57 60,31 = 1,78 (56 / 63) 243,50 * 249,28 (1,2 / 990,0)
D < 100 m38 /D < 100 mSv 20 60,20 + 1,73 (56 / 63) 49,26 + 31,47 (1,2 /98,2)
100 < D < 500 m38 / 100 < D < 500 mSv 29 60,41 + 1,93 (56 / 63) 232,26 + 70,44 (108,0 / 420,0)
D > 500 m38 / D > 500 mSv 8 60,25 + 1,48 (57 / 62) 770,07 + 222,02 (500,0 / 990,0)
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rizpokap6onarom (Sigma-Aldrich, CIIIA) 3 10 % ewm-
OpioHaNbHOWO TeasIuol0 cupoBaTkolo (Sigma-Aldrich,
CIIA) ta 1 % po3uuHy aHTHOIOTUKY-aHTUMiKOTHUKY
(Sigma-Aldrich, CIIIA). Ockinbku 6inoxk LC3B mae 2
¢dopmu — turo3oabHy LC3-1 i acouiiioBany 3 ayTodaro-
comamu LC3-II, mo aerpamye miciisi yTBOPEHHs ay-
ToJizocomu, 11 BusHayeHHs LC3B* ayrodarocom, pe-
KOMEHIYEThCSI BUKOPUCTOBYBATH iHT10iTOP 3/IUTTS ayTO-
(arocom 3 mizocomamu. Tomy B iHIIY TPOOiIpKY, KpiM
XKWUBWJIBHOTO CEpeloBUINa, AomaBaiu 50 UM posuuH
xsopoxiny audocdary (CAS Number: 50-63-5, Sigma-
Aldrich, CIIIA) — peareHT, 1110 0JOKY€E TIPOLEC 3UTTS
aytrogarocomu 3 gizocomoro [10]. 3pasku B 000X
npobipkax iHKyOyBaiM MPOTSATOM 2 TOAMH y CTaHIapT-
Hux ymoBax B CO, inkybatopi ripu 5 % CO,, Temriepa-
typi 37 °C 195 % BosOroOCTI.

PiBHi 6inka LC3B y netikomnurax [TK micis KyibTUBy-
BaHHSI BU3HAYaJIM METOJOM MPOTOYHOI uToMeTpii [10].
J1st reiiTyBaHHSI XXUBUX KJIITUH 0€3 ay0JieTiB BUKOPUC-
TOBYBaJIM MOHOKJIOHAJIbHE aHTUTiIO Anti-Active Caspa-
se-3 FITC ta ¢ayopecueHTHi 6apsuuku BD Horizon™
Fixable Viability Stain 570 i DAPI (BD, CILIA). Bu3sna-
yeHHs piBHIB Oinka LC3B mpoBogmmm 3a gOITOMOTOI0
HETIpSIMOTO  iMyHO(MIYOpEeCIIeHTHOTO 3abapBiIeHHS
KJIITUH 3 BUKOPUCTAHHSIM KPOJISTYOTO IOTIKIOHAIBHOTO
a"Tutina rmpotu LC3B 3 Habopy LC3B Antibody Kit for
Autophagy (Invitrogen, CILIA) Ta BTOpMHHOTO aHTHUTIJIa
3 hmyopecuieHTHOIO MiTKOI0 Alexa Fluor™ 647 (Invitro-
gen, CIITA). Anani3 3pa3kiB [1K npoBoawin Ha TpoToY-
Homy nutometpi BD FACSLyric (BD, CIIIA) 3a nomno-
Mororo TporpamHoro 3abe3mneueHHss BD FACSuite (BD,
CIIOA) nna 15 000 momiit y pexkumax «Density plot» i
«Dot histogram». [Tpuknan reityBannss LC3B™ nimdpo-
LIUTIB HaBeJeHOo Ha puc. 1. MeniaHa iHTEHCUBHOCTI (pJ1y-
opecuentii (MFI) LC3B BukopucroByBamacs 1jis BU3-
HauyeHHs1 6a3anbHoro piBHg LC3B. Iloka3HuMK akTuB-
HocTi aytodarii (AAF) po3paxoByBasii 3a (OpMYJIOIO:

AAF =

MFILC3B CQ - MFI LC3B Spont

Aldrich, USA) and 1 % antibiotic-antimycotic
solution (Sigma-Aldrich, USA). Since LC3B pro-
tein has 2 forms — cytosolic LC3-I and
autophagosome-associated  LC3-II,  which
degrades after the formation of an autolysosome, it
is recommended to use an inhibitor of autophago-
some-lysosome fusion to determine LC3B*
autophagosomes. Therefore, in addition to the
growth medium, a 50 UM solution of chloroquine
diphosphate (CAS Number: 50-63-5, Sigma-
Aldrich, USA) was added to another test tube — a
reagent that blocks the process of autophagosome-
lysosome fusion [10]. Samples in both tubes were
incubated for 2 hours under standard conditions in
a CO; incubator at 5 % CO,, 37 °C and 95 %
humidity.

LC3B protein levels in PB leukocytes after culti-
vation were determined by flow cytometry [10].
Anti-Active Caspase-3 FITC monoclonal anti-
body and BD Horizon™ Fixable Viability Stain
570 and DAPI fluorescent dyes (BD, USA) were
used for gating live cells without doublets. LC3B
protein levels were determined by indirect
immunofluorescent staining of cells using the rab-
bit polyclonal antibody against LC3B from the
LC3B Antibody Kit for Autophagy (Invitrogen,
USA) and the secondary antibody with the fluo-
rescent label Alexa Fluor™ 647 (Invitrogen, USA).
The analysis of PB samples was performed on a
BD FACSLyric flow cytometer (BD, USA) using
BD FACSuite software (BD, USA) for 15,000
events in the Density plot and Dot histogram
modes. An example of gating of LC3B™ lympho-
cytes is shown in Fig. 1. The median fluorescence
intensity (MFI) of LC3B was used to determine
the basal level of LC3B. The autophagy activity
factor (AAF) was calculated using the formula:

x 100

MFILC3BCQ

ne MFI LC3B CQ — nmokaszuuk MFI LC3B y neiikonu-
tax I1K, 1o inkyoyBanucs 3 xaopoxiHoMm, a MFI LC3B
Spont — 0e3 XJIOpOXiHYy.

BusHaueHHS BimHOCHOIO piBHS e€KCIpecii reHiB, 110
KOAYIOTh OUTIKM MOJIEKYJISIPHOTO KOMILIEKCY ayTodarii
(Tabu. 2) y neiikonurax [TK mpoBoamim 3a 10MOMOTOIO
MeToay nosiMepasHoi aHimorosoi peaxuii (ITJIP) y pe-
anbHOMY yaci. Buginenns 3aransHoi PHK nposoaunu 3a
Jornomoroto aBroMatuyHoi ctaHuii QIAcube (QIAgene,
Himeuuuna) 3 BukopuctaHHsM Habopy NucleoSpin
RNAII (Macherey-Nagel, Himeuunna). Ha6ip High

where MFI LC3B CQ is the MFI LC3B parame-
ters in PB leukocytes incubated with chloroquine,
MFI LC3B Spont is without chloroquine.
Determination of the relative expression level of
genes encoding proteins of the autophagy molecu-
lar complex (Table 2) in PB leukocytes was per-
formed using the real-time polymerase chain reac-
tion (PCR). Total RNA was isolated using the
QIAcube automated station (QIAgene, Germany)
using the NucleoSpin RNAII kit (Macherey-
Nagel, Germany). The High Capacity cDNA
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PucyHok 1. Cxema reittyBaHHa LC3B* nimpouutis

NimdounTn, MOHOUUTM | rpaHyNouUTU FENTYIOTbCS Ha rpadiky «Density plot» SSC vs FSC: L — nimdountn, M — MoHOUUTH,
G — rpanynounTn (A). Xusi nimpoumntn (Caspase-3~ / FVS5707) relityioTbea Ha rpadiky «Dot plot» Caspase-3-FITC vs
FVS570-PE (B). BuaoanexHs ny6netis Ha rpagdiky «Dot plot» DAPI-A vs DAPI-H (C). leiitysanHa LC3B™ nimpounTis Ha
rpadiky «Density plot» SSC vs LC3B-Alexa 647 (D) Ta HaknagaHHs rictorpam MFI isoTunosoro koHTposnto, MFI LC3B Spont i

MFI LC3B CQ nimdpouuTis (E)
Figure 1. LC3B* lymphocytes gating scheme

Lymphocytes, monocytes, and granulocytes are gated on the SSC vs. FSC «Density plot»: L — lymphocytes, M — monocytes,
G - granulocytes (A). Live lymphocytes (Caspase-3~ / FVS5707) are gated on the Caspase-3-FITC vs. FVS570-PE «Dot
plot» (B). Doublet removal on the DAPI-A vs. DAPI-H «Dot plot» (C). LC3B* lymphocytes gating on the SSC vs. LC3B-Alexa
647 «Density plot» (D) and histogram overlay of MFI isotype control, MFI LC3B Spont, and MFI LC3B CQ lymphocytes (E)

Capacity ¢cDNA Reverse Transcription Kit (Applied
Biosystems, CILIA) BUKOpUCTOBYBAJIN JJII TIPOBEICHHS
peakilii 3BOpPOTHBOI TPAHCKPUIILii IJIT OTPpUMaHHS
kJIHK 3i 3pa3kiB BunisieHoi 3araibHoi PHK. Amritigi-
Kallilo MpoBOAMIN Y 96-JIyHOUHMX IUTAIIKAX 13 CyMillI-
mio TagMan Gene Expression Master Mix (Applied
Biosystems, CIIIA), npaiimepiB TagMan Gene Expres-
sion Assay (Applied Biosystems, CIIIA) ta k/IHK 3 Bo-
noto, ounuieHolo Bin PHKa3z, 3a nonomororo amrurigi-
karopa 7900 HT Fast Real-Time PCR System (Applied
Biosystems, CIIIA). Assay ID mpatimepis TagMan Gene
Expression Assay oOpaHUX TeHIiB i XapaKTEpUCTHKU
OiIKiB, SIKi BOHM KOAYIOTh, HABeIEHO y TabI. 2.

3a eHgoreHHMIT KOHTPOJIb OyJI0 00paHO eyKapioTHUUHY
18S pPHK (Applied Biosystems, CILA). IlokazHuku
BimHOcHOro piBHS TeHHOI ekcrpecii (RQ — relative
quantification, BimHOCHa KiJIbKiCHA OLIiHKA) aBTOMaTHY-
HO PO3PaxoByBaJuCs 3a HOMoMorowo 2 2¢t yeromy

(1) 332

Reverse Transcription Kit (Applied Biosystems,
USA) was used for the reverse transcription reac-
tion to obtain cDNA from the isolated total RNA
samples. Amplification was performed in 96-well
plates with TagMan Gene Expression Master Mix
(Applied Biosystems, USA), TagMan Gene Ex-
pression Assay primers (Applied Biosystems, USA)
and cDNA with water purified from RNases, using
the 7900 HT System amplifier (Applied Biosys-
tems, USA). Assay IDs of the TagMan Gene
Expression Assay primers of the selected genes and
the characteristics of the proteins they encode are
listed in Table 2.

Eukaryotic 18S rRNA (Applied Biosystems,
USA) was chosen as an endogenous control.
Relative gene expression levels (RQ — relative
quantification) were automatically calculated
using the 2724¢t method by the SDS 2.3 software
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Ta6nauusa 2
Mepenik reniB Ta Assay ID npaitmepiB TagMan Gene Expression Assay

Table 2

List of genes and Assay ID of primers TagMan Gene Expression Assay

Ha3Ba reHa
Gene name

Assay ID

®yHkuji 6inka / Protein functions

MTOR

Hs00234508_m1

CepuH/TPEOHIHOBA KiHa3a, LLO € LIEHTPANbHAM PeryngaropoM aytodarii 3a paxyHok gpocdopunioanHs ULKT1, wwo npussoanTb
10 nopyLuenHst B3aemogii AMPK Ta ULK1, iHribytoun inijauito aytodarii [11]

The serine/threonine kinase is a central regulator of autophagy by phosphorylating ULK1, which disrupts the interaction of
AMPK and ULK1, inhibiting the initiation of autophagy [11]

PRKAA1

Hs01562315_m1

CepuH/TpeoHiHoBa npoTeikiHaza AMPK € AaTuvkoM BHYTPILUHBOKIITUHHOTO EHEPreTMYHOrO CTaTyCy Ta CMPUSIE akTUBaLi
ayTtodarii 3a paxyHok dbocdopunoBaHHs Ginkie aytodarii abo perynioBaHHs ekCnpecii TPRHCKPUNLLIAHUX hakTopiB,
MOB’13aHIX 3 reHamm Binkis ayTodarii [12]

The serine/threonine protein kinase AMPK is a sensor of intracellular energy status and promotes the activation of autophagy
by phosphorylating autophagy proteins or regulating the expression of transcription factors associated with autophagy pro
tein genes [12]

ULK1

Hs00177504_m1

CepuH/TpeoHiHoBa KiHa3a, Lo 3B’a3yeTbest 3 Oinkamu FIP200, ATG13 i ATG101 yTBoptotoum komnnekc iHiuiauii ULK1-ATG13-
FIP200 [13]

The serine/threonine kinase that binds to FIP200, ATG13 and ATG101 proteins forming the ULK1-ATG13-FIP200 initiation
complex [13]

RB1CC1

Hs01089002_m1

FIP200 — 6inok, 1o dyHKuioHYe sik KOMMOHEHT kKomMnekcy iHiLjauji aytodarii ULK1-ATG13-FIP200 [14]
FIP200 is a protein that functions as a component of the autophagy initiation complex ULK1-ATG13-FIP200 [14]

BECN1

Hs00186838_m1

AnoctepuyHniti MogynsTop komnnekcis pocdatuamniHosuton 3-kiHasu (PISKC3) knacy Il (PIBKC3-C1 i PI3BKC3-C2), wo
reHepyiotb dpocdatuamniHosuton 3-pocdar (PI3P) y komnnekci Beclin1-ATG14-VPS15-VPS34 ana yTBOpeHHs npe-
ayToparocoMHoro parodopy B Micuj ayrodariyHoro BaHtaxy [15] /

The allosteric modulator of phosphatidylinositol 3-kinase (PI3KC3) class IIl complexes (PI3KC3-C1 and PI3KC3-C2), which
generate phosphatidylinositol 3-phosphate (PI3P) in the Beclin1-ATG14-VPS15-VPS34 complex to form the pre-autophago
somal phagophore at the site autophagic cargo [15]

PIK3C3

Hs00176908_m1

Karanituunuii komnoHeHT PI3KC3-C1, wo reHepye PI3P y darodop Ta crabiniaye komnnekc ULK [16]
The catalytic component PI3KC3-C1, which generates PI3P in the phagophore and stabilizes the ULK complex [16]

ATG5

Hs00169468_m1

YacTuHa komnnexcy ATG5-ATG12-ATG16L1, wo cnpusie koH'torauii ATG4-po3suuennetoro 6inka LC3-1 3 docdarnauneraHon-
amiHom (PE) 3 ytBopeHHsiM popmu LC3-11, 1o € HeobXxigHUM anst hOpMyBaHHS Ta PO3LUMPEHHS ABOMEMOPaHHUX OpraHen —
aytodarocom [17]

The part of the ATG5-ATG12-ATG16L1 complex, which contributes to the conjugation of the ATG4-cleaved LC3-I protein with
Phosphatidylethanolamine (PE) to form LC3-II, which is necessary for the formation and expansion of double-membrane
organelles — autophagosomes [17]

MAP1LC3B

Hs00917683_m1

YneH poauHm ybikBiTMHOMOAIGHMX Ginkie ATGS8, koH'toroBaHmii 3 PE, 10 Bignosigae 3a 38’s3yBaHHs ayToharocoMm 3 kiHeau-
HOBMM ABMIYHOM Ha OCHOBI MIKpOTPYOOUOK, @ TaKOX 3NMTTS ayToharocom 3 i30COMOI0 3 YTBOPEHHsIM ayTonizocomm [16, 18]
The PE-conjugated member of the ATG8 family of ubiquitin-like proteins responsible for the binding of the autophagosome to
the microtubule-based kinesin motor and the fusion of the autophagosome with the lysosome to form the autolysosome [16, 18]

SQsT™M1

Hs00177654 m1

CenexTusHuiA peLienTtop aytodarii, WO po3ni3Hae i J0CTaBAsiE arperoBaHuin noniybikBiTMHOBAHWIA GINKOBUIA BaHTaX [0
ayToharocoM, Crpusioun ferpasaLyi HenpasubHO 3ropHyTux binkis [19]

The selective autophagy receptor that recognizes and delivers aggregated polyubiquitinated protein cargo to autophago-
somes, promoting the degradation of misfolded proteins [19]

RAB7A

Hs01115139_mf1

Hesenukuin 6inok poaunm Mda3, wwo Bianosifae 3a perynsuio NisHLOro eHAOLMTO3Y Ta KOHTPOSb KiHLEBOr0 eTany
[03piBaHHS ayTodarocomm B aytoniocomy [17]

The small protein of the GTPase family responsible for the regulation of late endocytosis and the control of the final stage of
maturation of the autophagosome into the autolysosome [17]

STX17

Hs00215603_m1

PexpyTyeTbest Ha 30BHILLHIO MeMOpaHy 3pinoi ayrodarocomu s B3aeMogii 3 Luto3onbHUM Ginkom SNAP29 i nisocomars-
Hum VAMP8 ansi noneriuenHs 3nutts aytodarocomm Ta nizocomu [20]

The protein is recruited to the outer membrane of the mature autophagosome to interact with cytosolic protein SNAP29 and
lysosomal VAMPS to facilitate autophagosome-lysosome fusion

nporpaMHuM 3abe3neuyeHHssM SDS 2.3 (Applied
Biosystems, CIIIA), aHani3 TpoBOAWIN 3 BUKOPUCTAH-
HaM niporpamu RQ Manager 1.2 (Applied Biosystems,

CILIA).

(Applied Biosystems, USA), and the analysis was
performed using the RQ Manager 1.2 (Applied
Biosystems, USA).
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CTaTUCTUYHMIA aHaNi3 JaHux

CTaTUCTUYHMIA aHaJIi3 TIPOBOAWIN 3a JOITIOMOIOIO MPOr-
pamHoOTrO 3abe3redyeHHs Statistica 8.0 (StatSoft. Inc.).
HopManbHicTh po3moainy KiJIbKiCHUX 3MiHHUX BU3Ha-
yanu 3a gornomorow Tecty Koimoroposa-CwmipHoBa 3
nonpaskorw Jliatiepopca. [l mopiBHSIHHSI MOKa3HU-
KiB, 110 XapaKTepu3yBaIMCsI HOpMaJIbHUM PO3IIOIiIOM,
3aCTOCYBaIM ONHOG(AKTOPHUI NUCHEPCiiHUI aHai3
(ANOVA) 3 amnoctepiopuum tectoM Tbioki HSD ns
HepiBHUX BMOipoK. [IJIs1 MOKa3HUKIB, PO3MOMIT SIKUX
BiApi3HSIBCS BiJ HOPMaJAbHOI0, BUKOPUCTOBYBAJIM HEMa-
pamMeTpUYHMIA paHTOBMII aHalli3 Bapialiii 3a Kpacke-
JIOM-YoJTicoM i MefliaHHUI TECT 3 TTOMapHUM ITOPiBHSH-
HSIM CepeaHiX paHTiB s YCiX IpyIl. 3B’SI30K MixX Mapa-
MeTpaMHM pO3paxoByBaM 3a IOIOMOTOI0O Koe(ilieHTa
Kopenduii Ilipcona adbo CmipmeHna. PiBeHb cratuctuy-
HOI 3HaYyILIOCTi Oysio BcTaHOBJIEHO Ha piBHi p < 0,05, a
0,06 < p <£0,10 Oys10 IPUIAHATO SIK O3HAKY TEHAEHLIII.

PE3VJIBTATU JOCIIIZKEHHA

3a pe3yJbTaTaMu JOCTIIXKEHHS He CIOCTepirajocs cra-
TUCTUYHO 3HAYYIIMX 3MiH CIIOHTaHHOro (6e3 XJjo-
poxiny) piBHs 0inka LC3B y mimdonurax i rpaHyIonmn-
tax [IK sk BilicbkkoBocay:k00BLiB Cuin 000poHN YK-
painu, Tak i yaacHukiB JIHA na YAEC, nopiBHSIHO 3 To-
Ka3HUKaAMU OCi0 KOHTPOJIbHOI TpYyMu, HE3aJIeXXHO Bif
Biky (Ta6im. 3). [loka3HMKM CITOHTAHHOTO pPiBHY OijKa
LC3B y monouutax I1K yuacuukis JIHA na YAEC
Ta oci6 miarpynu K2 O0ynu noaiOHUMU, ajne HUKIUMU
(p < 0,05), Hix B oci6 minrpynu K1. 3okpeMa 3HUXKEH-
HsI TIOKa3HUKIB CITOHTAaHHOTO piBHA Oinka LC3B y Mo-
HoumTax IIK crmocrepiraiocs B ydyacHukiB JIHA Ha
YAEC 3 100 < D <500 m3Bi D > 500 m3B (p < 0,05).

Taoauua 3

Statistical data analysis

Statistical analysis was performed using Statistica
8.0 software (StatSoft. Inc.). The normality of the
distribution of quantitative variables was deter-
mined using the Kolmogorov-Smirnov test with
Lilliefors correction. One-way analysis of variance
(ANOVA) with Tukey’s HSD post hoc test for
unequal samples was used to compare indicators
that were characterized by a normal distribution.
Non-parametric Kruskel-Wallis rank analysis of
variations and median test with the pairwise com-
parison of average ranks for all groups were used
for parameters whose distribution differed from
the average. The relationship between parameters
was calculated using the Pearson or Spearman cor-
relation coefficient. The level of statistical signifi-
cance was set at p < 0.05, and 0.06 < p < 0.10 was
accepted as a sign of a trend.

RESULTS

The study results did not reveal any statistically sig-
nificant changes in the spontaneous level of LC3B
protein in PB lymphocytes and granulocytes of
both the servicemen of the Defense Forces of
Ukraine and the clean-up workers compared to the
values in the control group, regardless of age (see
Table 3). The spontaneous level of LC3B protein in
PB monocytes of the clean-up workers and those in
subgroup K2 were similar but lower (p < 0.05) than
in those in subgroup K1. In particular, a decrease in
the spontaneous level of LC3B protein in PB mo-
nocytes was observed in the clean-up workers with
the dose of 100 < D < 500 mSv and D > 500 mSv

CnoHTaHHwMiA piBeHb 6inka LC3B y neitkoyutax MK oci6 rpyn obcrexkeHns, (M + SD)

Table 3

The spontaneous level of LC3B protein in PB leukocytes of individuals in the study groups, (M + SD)

F'pynu o6cTexenHs / Study groups

MFI LC3B

y nimpouumrax, y. o.
lymphocytes, c.u.

MFI LC3B

Yy MOHOLMTaX, Y. 0.

monocytes, c.u.

MFI LC3B

y rpaHynoumrax, y. o.

granulocytes, c.u.

KontponbHa rpyna / Control group

3508,57 £ 1546,55

9978,36 + 3561,84

10808,18 + 3907,08

nigrpyna K1 / subgroup K1 (Bik / age < 50) 3522,20 + 1452,27 11748,40 + 4037,83 10880,67 + 2471,47
nigrpyna K2 / subgroup K2 (Bik / age > 50) 3498,08 = 1674,19 8503,33 £ 2378,79* 10758,00 = 4757,67
OcHoBHa rpyna — BilicbkoBocnyx60BLi / Main group — servicemen 3915,30 + 2521,18 10458,37 £ 5651,92 12258,73 = 6237,27
niarpyna B1 / subgroup B1 (Bik / age < 50) 3330,38 £ 2042,71 9378,64 + 4683,76 12203,15 + 6075,62
nigrpyna B2 / subgroup B2 (ik / age > 50) 4675,70 + 2972,80 11943,00 + 6815,55 12339,00 + 6836,66
Yyachukm JTHA Ha HYAEC / Clean-up workers 4108,91 = 2854,09 8434,37 + 3677,79* 10584,88 + 5474,79
D < 100 m38 / D < 100 mSv 3398,68 + 1842,50 8780,26 = 4208,29 10075,50 = 4770,38
100 < D < 500 m38 /100 < D < 500 mSv 3973,37 £ 2211,41 8127,08 £ 2761,21* 10509,89 + 4990,63
D > 500 m38 / D > 500 mSv 3531,00 + 1428,88 7089,33 + 3869,16* 9614,57 + 5287,33

Mpumitka. *p < 0,05 nopieHsiHO 3 nigrpynoio K1 (Bik < 50)
Note. *p < 0.05 significant differences with the subgroup K1 (age < 50)
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IToka3Huk cnmoHTaHHoro piBHs Oiika LC3B y MoHO-
nutax ITK BilicbkoBocay:X00BLiB miarpynu B2 gemo-
HCTPYBaB TEHJEHIIiI0 J0 30LIbLICHHS, MOPIBHSIHO 3
MOKa3HUKOM ocib minrpynu K2.

Ockinbku 6110k LC3B Mae 2 hopmMu — IUTO30/IbHY
LC3-I i acouiiioBany 3 ayrodarocomamu —LC3-1I,
110 Jerpaaye IIicjas yTBOPEHHSI ayTOJIi30COMU, sl
BUMiproBaHHs piBHIiB 0iika LC3B, 1110 3HaxXoauThCs
Ha ayrodgarocomax, no jerikouuTiB ITK momaBanu
iHri6iTOpP 3AUTTS ayTodarocoM 3 Ji30COMaMM — XJIO-
poxin mrudocdar. ITicas qomaBaHHS XJIOPOXiHY, piBeHb
oinka LC3B y nimdouurax [MK o6’egHaHoi rpynu
BilicbKoBOCTY>*k00B1iB 0yB HI>XUnUM (p < 0,05), HiXX B
oci0 KoHTpoJibHOI rpynu (Ta6ia. 4). He3Baxkawouu Ha
Te, 110 BilicbKOBOCIYX00BLi miarpynu Bl Oyiu mo-
noauri, Hixx yyacHuku JIHA na YAEC, B ocib 060x
TPYIl criocTepiraigacs TeHACHILiSI 10 3HVDKEHHS PiBHS
binka LC3B Ha ayrodarocomax y naimdpouutax 1K
nicig iHKyOalii 3 XJAI0pOXiHOM, MOPiBHSIHO 3 TIOKA3HM -
KoM oci6 minrpynu KI1. Kpim Toro maHa TeHIeHIIis
30epirajacsl Npu TOPIBHSIHHI AAHOTO MOKa3HMKa
yuacHukiB JIHA Ha YAEC 3 ocobamu miarpynu K2.
OtpuMmana TeHpeHnisg B ydacHukiB JIHA na YAEC
Oysa oOyMOBJIeHAa 3HMXXEHHSIM MOKa3HMKa B OCi0 3
D <100 m3B (p < 0,05) nopiBHSIHO 3 0ocobaMu 000X
OiArpyn KOHTPOJbHOI I'pynu (I1UB. Ta0. 4).

BusBiaeHo TeHIEHLiIO A0 3HMXKEHHSI pPiBHS OijlKa
LC3B na ayrogarocomax y moHouuTtax I1K BiiicbKo-
BoCyX00BLiB miarpynu Bl i oci6 minrpynu K2,
MOPiBHSIHO 3 IMOKa3HUKOM oci06 miarpynu K1 micas
1HKyOa1ii TeMKOLMTIB 3 XJIOPOXiHOM. JlaHa TeHAEHLIisl

Ta6nuus 4

(p <0.05). The spontaneous level of LC3B protein in
PB monocytes of the servicemen of subgroup B2
showed a tendency to increase compared to the level
of individuals of subgroup K2.

Since the LC3B protein has 2 forms — cytosolic
LC3-I and autophagosome-associated LC3-1I, which
degrades after the formation of an autolysosome, to
measure the levels of LC3B protein located on
autophagosomes, an inhibitor of autophagosome-
lysosome fusion, chloroquine diphosphate, was added
to the PB leukocytes. After the addition of chloro-
quine, the level of LC3B protein in the PB lympho-
cytes of the combined group of servicemen was lower
(p < 0.05) than in the control group (Table 4). Even
though the servicemen of subgroup B1 were younger
than the clean-up workers, a tendency towards a
decrease in the level of LC3B protein on autophago-
somes in PB lymphocytes was observed in both groups
after incubation with chloroquine, compared with the
parameter for subgroup K1. In addition, this trend was
maintained when comparing this parameter of the
clean-up workers with individuals from subgroup K2.
The obtained trend among the clean-up workers was
due to a decrease in the indicator among individuals
with D < 100 mSv (p < 0.05) compared to individuals
from both subgroups of the control group (see Table 4).

A tendency towards a decrease in the LC3B protein
level on autophagosomes in monocytes of the PB of
servicemen of subgroup B1 and individuals of sub-
group K2 was revealed compared to the indicator of
individuals of subgroup K1 after incubation of leuko-

PiBeHb 6inka LC3B y neitkouyutax MK oci6 rpyn o6cTexkeHHa nicna inky6auii neikoumtie 3 xnopoxiHom, (M = SD)

Table 4

The level of LC3B protein in PB leukocytes of individuals of the study groups after incubation of leukocytes

with chloroquine, (M + SD)

F'pynu o6cTexeHHs / Study groups

MFI LC3B
y nimdouumrax, y. o.
lymphocytes, c.u.

MFI LC3B
y MOHOLMTAX, Y. O.
monocytes, c.u.

MFI LC3B
y rpaHynoumrax, y. o.
granulocytes, c.u.

KontponbHa rpyna / Control group
nigrpyna K1 / subgroup K1 (ik / age < 50)

6088,13 + 2783,48
6495,00 + 2969,25

11188,41 £ 4987,45
13392,80 + 5848,18

12021,59 + 5605,78
14430,78 + 6291,37

nigrpyna K2 / subgroup K2 (ik / age > 50) 5775,15 = 2710,69 9351,42 + 3377,32 10353,69 + 4608,57
OcHogHa rpyna — BilicbkoBocnyx60BLii / Main group — servicemen 4555,91 + 2071,12* 10636,17 + 7394,79 10676,26 + 5745,63*
niarpyna B1 / subgroup B1 (ik / age < 50) 4201,38 + 1969,77 8711,46 + 6220,96 9592,77 + 4960,78**
ninrpyna B2 / subgroup B2 (sik / age > 50) 5016,80 + 2212,38 13138,30 + 8352,35 12084,80 + 6632,05
YyacHukm JTHA Ha HYAEC / Clean-up workers 4945,39 + 3891,62 9353,91 + 6417,56 9434,93 + 5663,54**
D < 100 m38 / D < 100 mSv 3768,26 + 2094,37**# 7971,65 + 4137,96** 9013,05 + 4102,76**
100 < D <500 m3B/ 100 < D < 500 mSv 5738,72 + 4887,97 10131,56 = 7310,83 9827,04 + 6493,36**

D > 500 m38 / D > 500 mSv

5307,14 + 3211,68

7603,85 + 3555,68 7027,14 + 2887,80**

MpumiTkn. *p < 0,05 nopiBHSHO 3 KOHTPOMLHOIO rpynoto; **p < 0,05 nopieHsHO 3 nigrpynoto K1 (Bik < 50); #p < 0,05 nopisHaHo 3 nigrpynoio K2 (sik > 50)
Notes. *p < 0.05 significant differences with the control group; p < 0.05 significant differences with the subgroup K1 (age < 50); #p < 0,05 significant differences with the sub-

group K2 (age > 50)
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30epiranacs i B yyacHukiB JIHA Ha YAEC, 1o oby-
MOBJIEHO CTaTUCTUYHO 3HAYyIIMMK 3MiHAMM OKa3-
HuKa ocio 3 D < 100 M3B (p < 0,05) i TeHAeHLIi€O 10
3MiH B oci6 3 D > 500 m3B. Kpim Toro, B y4acHUKIB
JIHA na YAEC 3 D < 100 M3B BHU3HaY€HO TEHIEHIIilO
JI0 3HMXKEHHS piBHS eKcrpecii 6inka LC3B Ha ayToda-
rocomax y mMoHoumtax IIK micnst iHKyOauii 3 Xjo-
POXiHOM, TIOPIiBHSIHO 3 MOKA3HUKOM BiliChbKOBOCIIYX-
ooBiiB miarpynu B2. Ilpy mopiBHSIHHI MOKa3HUKIB
binka LC3B y rpanynouutax IIK micast iHky6auii 3
XJTOPOXiHOM, B 00 ’€mHaHill TpyIli BiliChKOBOCIYX-
0OBIIB JaHuli Moka3HuK 0yB Huxkuuii (p < 0,05), Hix
B 0Ci0 KOHTPOJIbHOI I'PyIH, 110 OOYMOBJIEHO CTaTHC-
TUYHO 3HauUyuM (p < 0,05) 3HUXKEHHSIM MOKa3HUKA Y
BiliCbKOBOCJTY>K00B1iB niarpynu Bl, mopiBHSIHO 3 MoO-
kazHukoM oci6 miarpynu K1. B yyacHukiB JIHA Ha
YAEC rtakox cnoctepiranocs 3HuxkeHHs (p < 0,05)
piBHs Oinka LC3B y rpanynouutax IIK micias iHKy-
Oawii 3 XJIOPOXiHOM, IOPiBHSIHO 3 MOKAa3HUKOM OCi0
nigrpynu K1 (ta6m. 4).

HocnimxenHss nokasHuka AAF y mimdonurax TTK
He BUSIBUJIO CTaTUCTUYHO 3HAYYLIOI BiIMiHHOCTI MixX
ocobamMu TpyI 00CTexXeHHs, 0€3 ypaXyBaHHS BiKY, aJie
MoKas3ajio 3HUKeHHsT JaHoro nmokasHuka (p < 0,05) B
yuyacHukiB JIHA Ha YAEC nopiBHsSHO 3 ocobamMu
nigrpynu K1 (auB. puc. 2, A, B). BussieHo TeH-
JIeHIIiI0 10 3HMKeHHS nmoka3Huka AAF y mim@onunrax
I1K yyacnwukiB JIHA na YAEC 3 100 < D < 500 m3B i

cytes with chloroquine. This tendency was also main-
tained in the clean-up workers, which is due to statis-
tically significant changes in the parameters of indi-
viduals with D < 100 mSv (p < 0.05) and a tendency
towards changes in individuals with D > 500 mSv.
In addition, a tendency towards a decrease in the
level of LC3B protein expression on autophagoso-
mes in PB monocytes after incubation with chloro-
quine was determined in the clean-up workers with
D < 100 mSv compared to the parameter of service-
men of subgroup B2. When comparing the LC3B
protein levels in PB granulocytes after incubation
with chloroquine, this level was lower (p < 0.05) in
the combined group of servicemen than in the con-
trol group, which was due to a statistically significant
(p < 0.05) decrease in the level in the B1 subgroup
compared to the K1 subgroup. The clean-up workers
also showed a decrease (p < 0.05) in the LC3B pro-
tein level in PB granulocytes after incubation with
chloroquine compared to the K1 subgroup (Table 4).

The study of the AAF in PB lymphocytes did not
reveal any statistically significant difference between
the individuals of the study groups, regardless of age,
but showed a decrease in this parameter (p < 0.05) in
the clean-up workers compared to the individuals of
subgroup K1 (see Fig. 2, A, B). A tendency was re-
vealed for the AAF to decrease in the PB lymphocy-
tes of the clean-up workers from 100 < D < 500 mSv
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PUcCyHOK 2. MokasHuk AAF nimdouutie MK oci6 rpyn ob6cTexkeHHs: A — B 06'¢gHaHMX 32 BIKOM KOHTPOJIbHil
rpyni i rpyni BilicbkoBoCnyx60BLiB; B — 3anexHo Big Biky; C — 3anexHo Bif 031 onpoMiHeHHA yyacHukis JIHA

Ha YAEC, Me [Q1; Q2]
*p < 0,05 nopisHsHO 3 nigrpynoto K1 (Bik < 50)

Figure 2. The AAF of PB lymphocytes of individuals of the study groups: A - in the age-matched control group
and group of servicemen; B — depending on age; C — depending on the radiation dose of clean-up workers,

Me [Q1; Q2]
*p < 0.05 compared to subgroup K1 (age < 50)
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D > 500 Mm3B mopiBHSIHO 3 MOKa3HUKOM ocib miarpynmu  and D > 500 mSv compared to the parameter of the
K1 (puc. 2, C). individuals of subgroup K1 (Fig. 2, C).

He 3HalimeHO BiZMiHHOCTEH MiX ITOKa3HHKaMU No differences were found between the AAF in PB
AAF y monouutax IIK oci6 rpym obcrexeHHs1, 6e3  monocytes of the individuals of the study groups,
ypaxyBaHH4 BiKy (puc. 3, A). B oci6 nmiarpynu K2 Bu3-  regardless of age (Fig. 3, A). In individuals of sub-
HauyeHo 3HM:KeHHs moka3zHuka AAF y moHouuTtax ITK  group K2, a decrease in the AAF in PB monocytes
(p < 0,01), mopiBHSIHO 3 TOKa3HUKamu ocid miarpymu  was determined (p < 0,01) compared to the parame-
K1. V¥ siiicbkoBocayxx0oBLiB miarpynu B2 Ta ydac-  ter of the individuals of subgroup K1. The AAF in
HukiB JIHA Ha YAEC Bu3HaueHo 3pocTaHHs Moka3-  PB monocytes was found to increase in the service-
Huka AAF y mononurax I1K (p < 0,05) mopiBHsIHO 3 men of subgroup B2 serviceme and the clean-up
nokasHuKoM oci6o migrpyrmmu K2. 3HmkenHs ganoro  workers (p < 0,05) compared to the parameter in
MOKa3HMKa cCIlocTepiraiocsa y BificbkoBocayk00BIiB  subgroup K2. The AAF decreased in the servicemen
nigrpynu Bl (p < 0,05) i yuacHukiB JIHA Ha YAEC  of subgroup B1 (p < 0.05) and the clean-up workers
(6e3 cTaTUCTUYHOI 3HAYYIIOCTi) BiTHOCHO MOoKa3HMKa  (without statistical significance) compared to the
oci0 miarpyrmmu K1 (puc. 3, B). 3poctanns mokasunka  parameter in subgroup K1 (Fig. 3, B). The AAF
AAF y mononurax I1K BusBineHo B yuacHukiB JIHA Ha  increased in the PB monocytes in the clean-up
YAEC 3 100 < D <500 m3Bi D > 500 M38B (p < 0,05)  workers with 100 < D < 500 mSv and D >500 mSv
MOPiBHSIHO 3 MOKa3HUKOM ocid miarpynu K2, i 3uu-  (p < 0.05) compared to the parameter in subgroup
xkeHHs B yuacHHKiB JIHA na YAEC 3 D < 100 M3BTa K2, and decreased in the clean-up workers with
oci6 miarpyrnu K2 (p < 0,01) mopiBusiHo 3 mokazHukoM D < 100 mSv and subgroup K2 (p < 0.01) compared
oci6 miarpynu K1 (puc. 3, C). to the parameter in subgroup K1 (Fig. 3, C).

ITpu nopiBHSIHHI noka3HUKiB AAF y rpaHyiouuTax When comparing the AAF in the PB granulocytes of
I1K oci6 rpym obcTexkeHHs, BiiMideHO HasgBHICTh TeH-  the individuals in the study groups, a tendency towards
JeHIIil 1o 3HWKEHHSI MOKa3HMKa y BilicbKOBOCHy-  a decrease in the parameter was noted in the service-
OOBIIiB, 3 OUTBIII BUPaXXEHUM 3HWXKEHHSIM y IArpyni  men with a more pronounced decrease in the subgroup
B2 BimHOCHO 0Ci0 KOHTPOJBHOI Ipymnu, 30Kkpema ocid B2 about the individuals in the control group, in partic-
nigrpymm K1 (puc. 4, A, B). Binmiuene 3umkeHHst mo-  ular, the individuals in the subgroup K1 (Fig. 4, A, B).
ka3Huka B yyacHuKiB JIHA na YAEC 3 D > 500 M3B A decrease in the AAF was noted in the clean-up work-
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PucyHoK 3. Mokasuuk AAF moHouutiB MK oci6 rpyn o6cTexxeHHA: A — B 06'¢HaHMX 32 BiKOM KOHTPOJIbHil
rpyni i rpyni BilicbkoBoCnyx60BLiB; B — 3anexHo Big Biky; C — 3anexHo Bif 031 onpoMiHeHHA y4acHukis JIHA
Ha YAEC, Me [Q1; Q2]

*p < 0,05; **p < 0,01 nopieHsHO 3 nigrpynoto K1 (Bik < 50); #p < 0,05 nopisHsAHO 3 nigrpynoto K2 (Bik > 50)

Figure 3. The AAF of PB monocytes of individuals of the study groups: A - in the age-matched control group
and group of servicemen; B — depending on age; C — depending on the radiation dose of clean-up workers,

Me [Q1; Q2]
*p < 0,05; **p < 0,01 compared to subgroup K1 (age < 50); #p < 0,05 compared to subgroup K2 (age > 50)
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PUCYHOK 4. MokasHuk AAF rpanynouuTis MK oci6 rpyn o6cTexxeHHA: A — B 06'€HaHUX 32 BiKOM KOHTPOJIbHil
rpyni i rpyni BincbkoBocnyx60BLiB; B — 3anexHo Big BiKy; C — 3anexHo Bif f03u onpomiHeHHsA yyacHukie JIHA

Ha YAEC, Me [Q1; Q2]
*p < 0,05 nopieHsAHO 3 nigrpynoto K1 (Bik < 50)

Figure 4. The AAF of PB granulocytes of individuals of the study groups: A - in the age-matched control
group and group of servicemen; B — depending on age; C — depending on the radiation dose of clean-up work-

ers, Me [Q1; Q2]
*p < 0,05 compared to subgroup K1 (age < 50)

BimHOCHO Toka3Huka ocio miarpyn K1 (p < 0,05) i
K2 (puc. 4, C).

Kopensuitinuit aHaii3 (puc. 5) moka3aB HasIBHICTb
3aJIeXKHOCTI MiXX BiKOM 1 CIIOHTAaHHUM piBHEM OiJiKa
LC3B y monomurax I1K B 0ci6 KOHTpOIBHOI rpynu
(28—77 pokiB). He Oyno 3HaiiieHO KOpessuiii Mix
BiKOM i cmoHTaHHMM piBHeM Oinka LC3B ta AAF y
netikonutax I1K ygacuukiB JIHA na YAEC Ta
BilicbKOBOCTY:K00B1iB Cry1 000poHU YKpaiHU.

PesynbraTtu nociimkeHb eKCIIpecii TeHiB ayTodarii
y nerikounTax I1K HaBegeHo Ha puc. 6. YuacHUKIB

ers with D > 500 mSv about the parameter in the individ-
uals of the subgroups K1 (p < 0.05) and K2 (Fig. 4, C).
Correlation analysis (Fig. 5) showed a relationship
between age and the spontaneous level of LC3B protein
in the PB monocytes of the individuals in the control
group (28—77 years old). No correlations were found
between the age and spontaneous level of LC3B protein
and the AAF in the PB leukocytes of the clean-up work-
ers and the servicemen of the Defense Forces of Ukraine.
The results of the studies of the expression of
autophagy genes in the PB leukocytes are presented in
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Figure 5. Correlation analysis between
age and the spontaneous level of LC3B
protein in PB monocytes of control group
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CLINICAL

RESEARCH

JIHA na YAEC 6yno posnoaisieHo Ha 2 miarpynu: I —
3D <100 M38i IT — 3 D > 100 M3B, OCKiabKMH
JOCHiAXKeHHsI TeHHOI eKcIrpecii 0yJ0 po3aijieHO Ha
etanu i Ha nepuomy etamni ITJIP Bukonano nnsa 14
3pas3kiB [1K gaHoi rpynu o0cTeXeHHS.

3HMXKEeHHs BimHocHoro piBHS exkcnpecii MTOR y
nerikouuTtax IIK crnocrepiraiocs B ydyacHukiB JIHA
Ha YAEC, y Tomy umcii 3 D < 100 M3B, i BilichKOBOC-
JIy>XKO00BILiB, 30kpeMa B oci6 miarpyrnu Bl (p < 0,05)
BimHOCHO oci6 minrpynu K1 (puc. 6). HatomicTh He
BUSBJIEHO CTATUCTAYHO 3HAYYLIMUX 3MiH BiITHOCHOTO
piBHs ekcrpecii PRKAAI B ocib rpyn oOCTEXXEeHHS
(puc. 6, A, B).

He Oyno 3HaiineHo BimMiHHOCTEH MiX piBHSIMU
excripecii ULKI i RBICC] y nevikonurtax I1K B oci0
Ipyn 00CTEXEHHS, He3aJIeXXHO Bifl BiKy (IUB. puc. 6,
A). BinmiueHe nigsuiieHHs piBHs ekcrpecii ULKIy
nerikonurax ITK BificbKoBOCIY>X00BILIiB miarpynu B2
MOPIBHSIHO 3 BiliCbKOBOCIYKO0O0BLsIMU miarpynu Bl
0e3 cTaTUCTUYHOI 3HauyocTi (puc. 6, B) Ta yuacHu-
kamu JIHA ra YAEC 3 D < 100 M3B (p < 0,05), puc.
6, C. TakoxX BCTaHOBJICHO TEHACHIIIIO 0 3HVKCHHSI
BimHOCHOTO piBHS eKcrpecii RBICCI y neiikomrax
I1K BificbkoBOCIYy>X00BI1IiB TiaArpynu Bl, yyacHuUKiB
JIHA Ha YAEC Ta oci6 niarpynu K2 nopiBHsIHO 3 TO-
KaszHukKoM oci6 migrpynu K1 (puc. 6, B). HaitHrmxui
nokasuukn RBICCI (p < 0,05) cmocrepirainucs B
yuacHukiB JIHA na YAEC 3 D < 100 m3B (puc. 6, C).

Crioctepiraiacs TeHIEHILisI 10 3HKEHHS BiTHOCHO-
ro piBH# ekcnpecii reHa BECN B yuacHukiB JIHA Ha
YAEC BigHOCHO BiiicbKOBOCIYKO00BLIB (puc. 6, A).
Jluire y BificbkoBOCIy>k00B1IiB miarpynu B2 Binmive-
Ha TEHIEHIis MO0 IiIBUIIEHHS pPIiBHS €KCIIpecii
PIK3C3 y neiikountax I1K 1mopiBHSHO 3 MOKa3HU-
KoM oci6 migrpyrmu K2 i ygacankiB JIHA na YAEC
(puc. 6, B).

IToka3zHuku BigHOCHOTO piBHS ekcrpecii ATGS y
neiikonurax ITK ocib rpyn o6cTeskeHHsI He Majiu CYT-
TEBUX BinMiHHOCTEH (puc. 6, A, B). B yuacnukis JIHA
Ha YAEC BcTaHOBIEHO 3HMXXEHHS BiJHOCHOTO PiBHS
excnpecii MAPILC3B y nefikouutax 1K (p < 0,05)
BiIHOCHO 0Ci® KOHTpobHOI Ipynu (puc. 6, A). dani
BiIMiHHOCTI 30epiraaucsi y BUIVISIAI TEHIEHLIl Opu
MopiBHSAHHI Moka3HuKiB yyacHUKiB JIHA na YAEC,
B Tomy ynciai 3 D > 100 M3B, 3 moka3HUKaMU OCiO
nigrpynu K2 i BificbkoBoCIy>k00BLIiB Miarpynu B2
(puc. 6, B, C). TennmeHuiss 10 3MEHIIEHHS PiBHIiB
excripecii MAP1LC3B cnioctepiranacs y BiliCbKOBOC-
JIy>KO00BIiB miarpynu Bl, mopiBHSIHO 3 MOKa3HUKOM
oci6 miarpynu K1 i BilicbKOBOCTY>XOOBLIiB MiArpynu
B2 (puc. 6, B).

Fig. 6. The clean-up workers were divided into 2 sub-
groups: I — with D < 100 mSv and IT — with D > 100
mSy, since the gene expression study was divided into
stages and at the first stage PCR was performed for 14
PB samples of this study group.

A decrease in the relative level of MTOR expression
in PB leukocytes was observed in the clean-up work-
ers, including those with D < 100 mSy, and in the ser-
vicemen, in particular in individuals of subgroup Bl
(p < 0.05) about individuals of subgroup K1 (Fig. 6).
No statistically significant changes in the relative level
of PRKAAI expression were found in individuals of
the study groups (Fig. 6, A, B).

No differences were found between the relative levels
of ULKI and RBICCI expression in PB leukocytes in
individuals of the study groups, regardless of age (see
Fig. 6, A). An increase in the level of ULKI expression
in PB leukocytes was noted in the servicemen of sub-
group B2 compared to subgroup Bl without statistical
significance (Fig. 6, B) and in the clean-up workers
with D < 100 mSv (p < 0.05), Fig. 6, C. A tendency
towards a decrease in the relative level of RBICCI
expression in PB leukocytes of the servicemen of sub-
group B1, clean-up workers and individuals of subgroup
K2 was also established compared to the parameter of
individuals of subgroup K1 (Fig. 6, B). The lowest rela-
tive level of RBICC1 expression (p < 0.05) was observed
in the clean-up workers with D < 100 mSv (Fig. 6, C).

A tendency towards a decrease in the relative level
of BECNI expression was observed in the clean-up
workers compared to the servicemen (Fig. 6, A). Only
the servicemen of subgroup B2 showed a tendency
towards an increase in the relative level of PIK3C3
expression in the PB leukocytes compared to the
parameter of the individuals of subgroup K2 and the
clean-up workers (Fig. 6, B).

The parameter of the relative level of ATGS expression
in the PB leukocytes of the individuals of the study
groups did not have significant differences (Fig. 6, A, B).
The clean-up workers showed a decrease in the relative
level of MAPILC3B expression in the PB leukocytes
(p < 0.05) compared to the individuals of the control
group (Fig. 6, A). These differences remained as a ten-
dency when comparing the parameters of the clean-up
workers, including those with D > 100 mSv, with the
parameters of the individuals of subgroup K2 and the
servicemen of subgroup B2 (Fig. 6, B, C). A tendency
towards a decrease in the relative levels of MAPILC3B
expression was observed in the servicemen of subgroup
B1 compared to the parameter of individuals of sub-
group K1 and servicemen of subgroup B2 (Fig. 6, B).
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PuUcyHOK 6. BigHocHui piBeHb ekcnpecii reHie ayrodarii y neikouutax MK ocié rpyn o6ctexkeHHsa: A - B
06’egHaHuMX 3a BiKOM KOHTPONIbHil rpyni i rpyni BilicbkoBoCnyk60BLiB; B — 3anexHo Big BiKy; C — 3anexHo Big

[03u onpomiHeHHs yyacHukie JIHA Ha YAEC, Me [Q1; Q2]
*p < 0,05 NOPIBHAHO 3 KOHTPONBLHOO rpynoto; *p < 0,05 nopisHaHO 3 nigrpynoto K1 (Bik < 50); #p < 0,05 nopiBHAHO 3
yyacHukamu JIHA na HAEC 3 D < 100 m3B.

Figure 6. The relative expression level of autophagy genes in PB leukocytes of individuals of the study
groups: A - in the age-matched control group and group of servicemen; B - depending on age; C — depending
on the radiation dose of clean-up workers, Me [Q1; Q2]

*p < 0,05 compared to control group; *p < 0,05 compared to subgroup K1 (age < 50)); #p < 0,05 compared to clean-up
workers (D < 100 mSv)
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BuzHaueHo 3HMKEHHS BiTHOCHOIO PiBHSI €KCIIpecii
SOSTM 1 (p < 0,05) y BilicbKOBOCTY>KOOBLIiB MOPiBHSI-
HO 3 MOKa3HMKOM 0Ci® KOHTpOJIbHOI rpymnu (puc. 6,
A), 110 30epiranocs y BUIISIAI TEHASHLII Y BiliCbKO-
BOCJTY>KOOBIIiB 000X IMTiATPYyT MPU MOPIiBHIHHI 3 MOKa3-
HUKOM oci6 minrpynu K1 (puc. 6, B). Ilozmi6Hi
BimminHoOCTi Oyu ¥ B yaacHuKiB JIHA na YAEC, y To-
My uncii 3 D < 100 M3B nmopiBHSIHO 3 0co0aMU IiArpy-
mu K1 (puc. 6, B, C). He OGysi0 BcTaHOBJIEHO CTaTHC-
TMYHO 3HAYYIIMX 3MiH MiX BiZHOCHUMHU PiBHSIMU
ekcrpecii RAB7A 1 STX17y netikouutax I1K ocib rpym
o0cTexxeHHs (puc. 60).

He 3HalimeHO CTaTUCTUYHO 3HAYYIIMX KOPEeJsIiil
MiXXK BiKOM a00 103010 OMPOMiHEHHS i BiZHOCHUM
piBHEM eKcIIpecii TeHiB ayrodarii y meitkonurax 1K
0ci0 rpym o0CcTeKeHHSI.

OBI'OBOPEHHA JOCILIKEHHA

baraTtopiuHi gocnimKeHHsT pO3KpUBAaIOTh BUPILLIAAbHY
poJib ayTodarii Ta 1i 6iIKiB y (pyHKUiOHYBaHHI iMyHHOL
cucteMu. AyTodarisg miaTpuMye OajaHC iIMYHHOI
BiAMOBiAi, 3axullalouy¥ OpPraHi3M Bil iH(EKLiHHMUX,
ayTOIMYHHUX 3aXBOPIOBaHb i MaTOJIOTii, acoliiioBa-
HUX i3 3ananeHHsM [21, 22]. Po3BUToK 3axBOpIoBaHb
TOB’sI3aHUI SIK 3 TTOPYIIEHHSIM (DYHKIIIOHYBaHHS ayTO-
¢arii y KJliTMuHaX iIMyHHOI CUCTEMM, TaK i B iHILIMX CO-
MaTUYHUX KJIITUHAX OPraHi3My.

AyTodaris Ma€ BaxkJIMBUIi BIUIUB Ha iHAYKyBaHHS Ta
MOMYJISILII0 3anaJbHOI peakilii. JHWXKeHHs ayTodarii
i yac cTapiHHs MPU3BOAUTD 10 MOPYLIEHHS (PYHKIIIO-
HYBaHHSI KJITUH, 30KpeMa HaKOITMYEHHS JeTIOISIPU30-
BaHMX MITOXOHJPIii, 1110 BUBIJIbHAIOTH aKTUBATOPU iH-
(mamacomu, Taki K akTMBHI opmu KucHio (ADPK)
ab6o mitoxonapianbHa JHK (MTAHK) [5], o ctumy-
moe curHamizamito NF-xB, akrusamiro ingmamacoM i
3aIyck MexaHi3miB po3BuUTKy SASP [1]. ¥V cBoto uepry
3arnajeHHs TIPU3BOAUTD A0 MOAAIBILIOIO MPUTHIYEHHS
aytodarii, CTBOPIOIOYM 3aMKHEHMIA JIJAHLIIOT: ayTodarisi
MOXe OyTH aKTMBOBaHA iIMyHHMMU CUTHaJlaMU, a 3ama-
JIEHHsSI MOXe OyTU cripuunHeHe ayTodariero. [Tokaza-
HO, 1110 OJHI LIMTOKiHK, 30kpeMa IL-1 a6o IL-6, akTu-
BYIOThb ayTodarito, Todi gx iHui, Hanpukiaag 1L-10 i
IL-13, maroTs iHTiOyt0uy mito [23]. TNF-o Moxe akTu-
ByBaTH a00 MPUTHIYYBaTU ayTOarito MIISIXOM, 3aIeX-
Hum Big NF-xB i nmpoayxkiiii AOK. 3a HasgiBHOCTI cur-
Hanizawii NF-xB, TNF-o aktuBye mTOR, ocHOBHUIA
iHTIOITOp ayTOarii, ToMi K y KITUHAX, Y IKUX BiICyT-
Ha aktuBauisgs NF-xB, TNF-o HaBmaku cTumynioe
ekcrpecito 6inka aytodarii Beclin 1 [24]. Cama ayToda-
Tisl TAKOX PEryJiloe CUHTES i CEKPeLito LIMTOKiHIB, Yy TO-
My ymci [L-1, IL-18, TNF-o i1 IFN I tumy [23, 25].

A decrease in the relative level of SOQSTM I expres-
sion (p < 0,05) was determined in the servicemen
compared to the parameter of the control group (Fig.
6, A), which was preserved as a trend in the service-
men of both subgroups when compared with the
parameter of subgroup K1 (Fig. 6, B). Similar differ-
ences were also found in the clean-up workers,
including those with D < 100 mSv compared to sub-
group K1 (Fig. 6, B, C). No statistically significant
changes were found between the relative levels of
RAB7A and STX17 expression in the PB leukocytes of
the individuals in the study groups (Fig. 6).

No statistically significant correlations were found
between age or radiation dose and the relative expres-
sion level of autophagy genes in the PB leukocytes of
the individuals in the study groups.

DISCUSSION

Long-term studies reveal the crucial role of
autophagy and its proteins in the functioning of the
immune system. Autophagy maintains the balance of
the immune response, protecting the body from
infectious, autoimmune diseases and pathologies
associated with inflammation [21, 22]. The develop-
ment of diseases is associated with both impaired
autophagy in the cells of the immune system and
other somatic cells.

Autophagy has an important effect on the induc-
tion and modulation of the inflammatory response. A
decrease in autophagy during aging leads to impaired
cell function, in particular the accumulation of depo-
larized mitochondria that release inflammasome
activators such as reactive oxygen species (ROS) or
mitochondrial DNA (mtDNA) [5], which stimulates
NF-xB signaling and triggers the mechanisms of
SASP development [1]. In turn, inflammation leads
to further suppression of autophagy, creating a
vicious cycle: autophagy can be activated by immune
signals, and inflammation can be induced by auto-
phagy. Some cytokines, in particular IL-1 or IL-6,
have been shown to activate autophagy, while others,
such as IL-10 and IL-13, have an inhibitory effect [23].
TNF-o can activate or suppress autophagy in a path-
way dependent on NF-xB and ROS production. In
the presence of NF-kB signaling, TNF-o activates
mTOR, the main inhibitor of autophagy, whereas, in
cells lacking NF-xB activation, TNF-o conversely
stimulates the expression of the autophagy protein
Beclin 1 [24]. Autophagy also regulates the synthesis
and secretion of cytokines, including IL-1, IL-18,
TNF-o and type I IFN [23], [25].
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HedexTn ayrodarii B iMyHHUX KJIITUHAX CYITPOBOIXKY-
I0Th TIPUPOJHE CTapiHHS JIIOJEi, 3MiHIOIOTh MITO-
XOHApiaJibHy 0i0€HepreTUKyY Ta MOCUJIIOI0Th aKTHUBALIiI0
Th17 [26], BruiMBarOTh Ha MeTaOOIIYHUI CTATYC JICUKO-
LIMTIB i1 yac ix audepeHuianii uepe3 KacKaay CUrHai-
3alii AMPK i mTOR [5]. EHepreruuHa He1OCTaTHICTb
iIMYHHUX KJITUH MOX€ M030aBUTU iIMYHHY CHUCTEMY
HeoOXimHUX e(eKTOpiB uepe3 HaaMipHY 3aruOenb LUX
KJIITUH, 110 3pellTo0 MPU3BOAUTH 10 MOCUIECHOI KOM-
neHcaTOpHOI npoJiidpepallii Ta CIpusi€ 3pOCTaHHIO Kijlb-
KOCTi ayTopeakTMBHUX KJiTUH [27]. dPapmaxojoriuHa
aKTUBalig aytodarii, HampUKJIaI, IIJISIXOM iHTiOyBaHHS
mTOR panaminyHOM, MOXe 30iIbIIMTH TPUBATICTb
KUTTS MMILEH, 110 AeMOHCTPYE pOJib CHUTHaJi3zallil
mTOR vy perynsiii TpuBanocTi XUTTS ccaBiiB [28].

Y Hamomy nochigkeHHi MOKa3HMKM CIIOHTAaHHOTO
piBHs Oinka LC3B, iforo HakomuW4YeHHs Iicasl iHKyOy-
BaHH{ 3 XJopoXxiHoM, i1 AAF y rpaHyioumuTax i aiMgpo-
OUTaX IMUBITBHUX 0OCi0O, BikoM gK g0 50 pokiB, Tak i
micas, oyau cxoxumu. Harowmicth y mMonHouutax ITK
LUBIIBbHUX 0ci0, cTapuie 50 pokiB, piBHi 6inka LC3B 0y-
JIM HWXXYMMU, SIK 0e3, TaK i 3 iHKyOyBaHHSIM 3 XJIO-
pOXiHOM, 1110 Mo3HaYMaocs Ha nokasHuky AAF i moxe
OyTM MOSICHEHO 3HalIeHOI0 BiKOBOIO 3aJIeXKHICTIO TIPO-
nykiii 6inka LC3B. OTpuMaHi HaMM pe3yJIbTaTh MOX-
JIMBO TIOB’$13aHi 3 TPUBAJIICTIO XXUTTS JEUKOLMTIB, iX-
HbOIO 3JATHICTIO A0 MOIATPUMKU TOMEOCTa3y i 4acom
mupkyssnii y ITK [29]. Tak, HeiiTpodiau yepe3 KOPpOTKY
TpuBaticTh nupkyasadii y IIK i 3arajom KopoTkuii
KUTTEBUI LIMKJI HE BCTUTAIOTh HAKOIMMYUTH TTOIIKOII-
KEHHSI, 3allyCTUTHU ME€XaHi3M KJIITMHHOIO CTapiHHS, 110
BimoOpa3uaocs 6 Ha PYHKIIIOHAILHOMY CTaHi ayTodarii.
KpiMm TOro B akTMBOBaHMUX HEUTpodilaXx aKTUBYEThCS
Kacnaso-He3aliexkHa ¢opMa KJIIITUHHOI 3arubeli, os’s-
3aHa 3 aytodarieio [30], 1m0 TakKoOX MOXKe BIJIMBATH Ha
3arajibHMI MOKAa3HUK aKTUBHOCTI ayTodarii, iMOBipHO,
yepes 3MiHM y 0ajlaHCi MiXK aKTUBOBAaHMMU i HEAKTUBO-
BaHUMM TPaHYJIOLUTAMMU.

MoHOLMTH, X04a T€X € KOPOTKOXMBYYMMHU, ajie BU-
KOHYIOTh (DYHKIIiI0 aHTUTE€H-IPE3eHTYIOUMX KIITUH, a
(parorrtos 3anexuts Bia ayrodarii [31]. Tomy, MoxIu-
BO, 3HVKEHHSI MMOKA3HUKIB ayTodarii y MOHOLIMTAX OCi0
CTapIIOTO BiKy MOB’sI3aHe came 3 TIOPYIIeHHSIM (PYHKITii
BJlacHe MOHOLUTIB. Tak, 3maTHICTh TKAHUHHO-PE3U-
JEHTHUX MakpoariB BiIHOBIIOBATU rOMEOCTa3 TKAHUH
3a JOMOMOIOI0 MPOTEaCOMHOI Aerpaaallii Ta ayrodarii
3HMKYETHCS 3 BIKOM, 110 MMPU3BOAUTH 10 aHOMAJIbHOTO
¢yHKIioOHYBaHHS KIiTUH [32]. Xoya HAaMU He 3HalaeHO
CTaTUCTUYHO 3HAYYIIMX 3MiH €KCITpeCii TeHiB y IUBiIb-
HUX 0¢i0, nocaimkeHHs [33] mokaszaau Mo3UTHUBHY KOpe-
JISILiI0 MiXX BiKOM i reHaMu, 110 KOAYIOTb iHTi0iTOpu

Defects in autophagy in immune cells accompa-
ny natural human aging, alter mitochondrial
bioenergetics, enhance Th17 activation [26], and
affect the metabolic status of leukocytes during
their differentiation via the AMPK and mTOR sig-
naling cascades [5]. Energy insufficiency of
immune cells can deprive the immune system of
essential effectors due to excessive cell death,
which ultimately leads to increased compensatory
proliferation and promotes an increase in the
number of autoreactive cells [27]. Pharmaco-
logical activation of autophagy, for example, by
inhibiting mTOR with rapamycin, can extend the
lifespan of mice, demonstrating a role for mTOR
signaling in regulating mammalian lifespan [28].

In our study, the spontaneous level of LC3B pro-
tein, its accumulation after incubation with
chloroquine and AAF in granulocytes and lym-
phocytes of the civilians, both under and after 50
years of age, were similar. In the PB monocytes of
the civilians over 50 years of age, the levels of
LC3B protein were lower, both without and with
incubation with chloroquine, which affected the
AAF and can be explained by the age dependence
of LC3B protein production found. Our results
may be associated with the lifespan of leukocytes,
their ability to maintain homeostasis and the time
of circulation in PB [29]. Thus, neutrophils, due to
the short duration of circulation in PB and a short
life cycle, do not have time to accumulate damage,
and start the mechanism of cellular aging, which
would affect the functional state of autophagy. In
addition, caspase-independent autophagy-associ-
ated cell death is activated in activated neutrophils
[30], which may also influence the overall
autophagy activity rate, likely due to changes in
the balance between activated and non-activated
granulocytes.

Monocytes, although also short-lived, perform
the function of antigen-presenting cells, and
phagocytosis depends on autophagy [31]. There-
fore, the decrease in autophagy indices in mono-
cytes of older individuals may be associated with
the dysfunction of monocytes themselves. Thus,
the ability of tissue-resident macrophages to
restore tissue homeostasis using proteasomal
degradation and autophagy decreases with age,
which leads to abnormal cell functioning [32].
Although we did not find statistically significant
changes in gene expression in civilians, studies
[33] showed a positive correlation between age and
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ayrodarii B moHouutax 11K (MCLI, BCL2, BCL2L2,
MTOR, ILI0ORA, STAT3, JAK1, PDPKI, IL2RB), i He-
TaTUBHY — 3 F€HaMU, 110 KOAYIOTh aKTUBAaTOPU ayToO-
¢arii (BAD, BID, PRKAG) Ta 6inku anapaty ayTtodarii
(ATG3, ATGS, ATG7 i GABARAPL?2), xo4a ekcmpecis
reHiB BECN1 ta ULK] 3 BikoM 30iibliryBajacsi.

JlimpouT! € MOBrOXMBYYUMHU KIITUHAMHM, TOMY
MOBUHHI OYTH CTIHKIIIMMU [0 Ail pi3HOMaHITHUX YMH-
HUKIiB, 151 TOTO 11100 MaTH CIPOMOXKHICTh BUKOHYBa-
TH cBO1 (yHKIIi. JliM(pOoLUUTU — reTeporeHHa MoIly-
JISILIIST, TOMY MU HE MOXEMO CTBepIXKYBaTU, 110 BiKOBI
3MiHU HE TOPKHYIUCH iX, OCKITBKU JOCTIIKEHHS PO~
BOAMJIOCS JIMIIE B 3arajbHiil momynasuii 6e3 aude-
PEeHLIiI0BaHHSI Ha CYOMOIYJISLi, 110 MOXE CIIOTBOPIO-
BaTU peajibHy KapTUHY. BusiBieHo, 1110 3HIKEHHS aK-
TUBHOCTI ayTodarii mpu3BOAUTHL 10 TOPYIIEHHS pe-
akui B-kJiTH mam’aTi y Jroaeil moxuiioro Biky [34].
CD3* T-nimMbOLUTA XapaKTepPU3YIOThCS BULLUMU PiB-
Hamu ayrodarii, Hix CDI19* B-mimporutu [35]. 3
BiKOM aKTMBHicTh aytodarii y T-mimdouunrtax 3HMU-
XyeThes [35]. Tak, B 0ciO MOXWIIOTro BiKY BiIOYBa€ThCs
HaKONMYEeHHsI BHcoKoaupepenuiioannx CD8*28~
T-nmiMmdonuTiB, Mo iHAYKYIOTH ayTodariio 3HAYHO
MEHIIIOI0 Mipolo Yy BinnoBiab Ha akTtuBauilo TCR mo-
piBHgHO 3 CD8728" T-mimbouuramu, mo mnependa-
yae, 110 BOHU HEe MOXYTb 3aJJ0BOJIbHUTU METa0O0 iuHi
noTpedu akTUBaLlii, OINOCEePEeAKOBAaHOI AHTUT€HHUM
pelenTopoM i TOMY HaBpsii YU BUXUBYTbh IpU
po3Ii3HaBaHHI CBOIX crenudiyHux aHTureHiB [36].
Takox crioctepira€Tbcs MiABUILEHHS KiAbKOCTI MiTO-
XoHApiaapHuX O0i1KiB y CD4% T-nimdonurax 3 nepe-
BaXKHUM TOPYILIEHHSIM PEryJisiilii MOJEKYISIPHUX LIS~
XiB OKMCHOTO (bochOpUIIIOBaHHS Ta €HEPreTUYHOIO
MeTabo1i3My, 110 MOB’43aHO 3 HAKOIMWYEHHSIM ayTo-
¢garocom 3 HeaerpagoBaHMUMM MiTOXOHApisMHU [37].
BussneHno, 110 cragkoBiCTh Bifirpae BaXKJIMBY POJIb:
aKkTUBHIicTh ayrodarii y CD4" T-nimdouurax 3HauHO
Kpalla B 0oCi0, WIEHU POIAUHU SIKUX OYJU JOBTOXKUTE-
mamu [38].

OpraHi3M BiliICbKOBOCITY>KOOBLIiB 3a3HA€ Ail pi3HO-
MaHITHUX €K30- Ta €HJOTeHHUX CTPECOPHUX YMHHMU-
KiB. BianoBiab Ha HUX PO3MOYMHAETHCS BiJl KIITUHHO-
ro 10 OpraHi3aMeHHOIO piBHIB, ajie MPU BEJIUKIN Kilb-
KOCTi TIOCTiliHO Hil0YMX HEraTUBHUX (PaKTOPiB, 3pOC-
Ta€ MUMOBIpHICTh 30€peKeHHs MOPYILIEHHSI TOMEOCTa3y
i akTuBallii MaTOJOriYHUX MEXaHi3MiB. Y HallomMy
JOCIIKEHHI Yy BifichKOBOCITY>X00BIIiB CuJl 000pOoHN
VYKpainy 000X BiKOBUX IpyH MOKAa3HUKU CIIOHTAHHOTO
piBHg Oinka LC3B y nimdormrax i rpanyiaouutax 1K
Oyau TOmiOHMMM [0 IMOKa3HUKIB LMBIJILHUX OCi0
BIAIMOBIIHOTO BiKY, IIPOTE XJIOPOXiH-1HAYKOBaHE HAKO-

genes encoding inhibitors of autophagy in PB
monocytes (MCL1, BCL2, BCL2L2, MTOR,
ILI0RA, STAT3, JAKI, PDPKI, IL2RB) and a neg-
ative correlation with genes encoding activators of
autophagy (BAD, BID, PRKAGI) and proteins of the
autophagy apparatus (A7G3, ATGS, ATG7, GABARA-
PL2), although the expression of the BECNI and
ULK]1 increased with age.

Lymphocytes are long-lived cells, so they must be
more resistant to various factors to be able to per-
form their functions. Lymphocytes are a heteroge-
neous population, so we cannot claim that age-relat-
ed changes have not affected them, since the study
was conducted only in the general population with-
out differentiation into subpopulations, which may
distort the real picture. It was found that a decrease
in autophagy activity leads to a violation of the reac-
tions of memory B cells in elderly people [34]. CD3*
T-lymphocytes are characterized by higher levels of
autophagy than CD19" B-lymphocytes [35]. With
age, autophagy activity in T-lymphocytes decreases
[35]. Thus, in older individuals, there is an accumu-
lation of highly differentiated CD8*28~ T-lympho-
cytes that induce autophagy to a significantly lesser
extent in response to TCR activation compared to
CD8%28" T-lymphocytes, suggesting that they can-
not meet the metabolic demands of antigen recep-
tor-mediated activation and are therefore unlikely to
survive recognition of their specific antigens [36].
There is also an increase in the number of mito-
chondrial proteins in CD4* T-lymphocytes with a
predominant impairment of the regulation of the
molecular pathways of oxidative phosphorylation
and energy metabolism, which is associated with the
accumulation of autophagosomes with undegraded
mitochondria [37]. Heredity has been shown to play
an important role: autophagic activity in CD4" T-
Ilymphocytes is significantly higher in individuals
whose family members were centenarians [38].

The organism of servicemen is exposed to various
exogenous and endogenous stress factors. The
response to them begins at the cellular to organismal
levels, but with a large number of constantly acting
negative factors, the probability of maintaining
homeostasis disorder and activation of pathological
mechanisms increases. In our study, in the service-
men of the Defense Forces of Ukraine of both age
groups, the spontaneous levels of LC3B protein in
PB lymphocytes and granulocytes were similar to
those of the civilians of the corresponding age, but
chloroquine-induced accumulation of LC3B pro-
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nuyeHHs Oinka LC3B y mimdonurax i rpaHyIonuTax
IIK Oyno MeHII iHTEHCUBHUM Yy BiliCBKOBOCTYX-
6oB1iB, Monomamie 50 pokiB. [Ipnm pOMy MoOKa3sHUK
AAF nimdonurtiB I1K He 3a3HaB CyTTEBUX 3MiH, a I10-
Ka3HUK AAF rpaHyJIOIUTIB 3HXKYBaBCsS, OCOOJUBO B
oci0 crapioro BiKy. IToKa3HUMK CIIOHTAHHOIO PiBHS
oinka LC3B i AAF y moronmTax 1K BificbKOBOCITYXK-
0oBIIiB, cTapiie 50 pokiB OyB HelIO BUIIUA, HIX Y
IIUBUIBHUX 0Ci0 Toro X BiKy. HaToMicTh HaKOTIMYEH-
Hs 6inka LC3B y moHouurax I1K Oyno 3HMXeHe y
BilICBKOBOCTY:K0OBIIiB, MojoxaIie 50 pokiB, IO 1O3-
Haymiocsl Ha nmoka3HUKy AAF. 3MiHu TopkHynIucs i
MOKa3HUKiB eKkcrpecii reHiB. Tak, HaMu OyJ10 BUSIBJIE-
HO 3HIXeHHs1 ekcrnpecii MTOR y BiliCbKOBOCITYX-
ooB1iB, Mojyoamie 50 pokKiB, a MOKa3HUK eKCIpecii
PRKAAI — npyroro peryistopa aytodarii He OyB 3Mi-
HeHwuii. Kpim Toro, 3HmxyBanacs ekcrpecis RBICCI i
MAPILC3B. Y BilicbKOBOCITY>KOOBIIiB, cTapiae 50
pokiB, ekcrpecig reHa ULKI i MAPILC3B Gyna Bu-
111010, HiXX Y BiliChKOBOCIIY>KOOBIIiB MOJIOAIIOTO BiKY, a
PIK3C3 — BU1IOI0, HiXXK Y LIUBIJIBHUX OCi0 iX BiKy. JIn-
11I€ eKCIIpecis 0OAHOro reHa OyJia 3HMXKeHa B 000X Ipy-
nax BiliCBKOBOCHTYXO00BLiB — SQSTM 1. 3aranom
HU3bKi piBHI ekcrpecii MTOR pa3oMm 3 BiICYTHiCTIO
3MiH B ekcrpecii PRKAAI y BiliCbKOBOCTY>KOOBIIiB,
mostoniie 50 pokiB, MOTJIM © CBIAYMTHU PO MOCUJICH-
HS aKTUBHOCTI ayTodarii. HaTtoMicTh 3HIKEHHS eKC-
npecii reHiB RBICCI, MAPILC3B i SOSTM 1 pa3om 3
BU3HaUYeHUMU piBHIMU Oinka LC3B i moka3zHuKamu
AAF neiikonuriB ITK Moxe BKazyBaTu Ha MOPYLIEH-
HS TIpoliecy caMoi 30ipkn ayToarocoMu, CeJIeKTHB-
HOTO po3ITi3HABaHHS MillleHel Ta ii 3IUTTS 3 Ji30C0-
MO0, HaBiTh 32 YMOBU KOPEKTHOT'O HAJIXOIKEHHS aK-
TUBAUiHUX curHaIiB. ITinBullleHHS piBHS eKcapecii
ULKI, MAPILC3B i PIK3C3 Ha T/1i BUCOKUX ITOKa3-
HukiB AAF y moHonutax 1K BiiicbKOBOCTY>KOOBILIiB,
siki ctapiie 50 pokiB, BKa3ye Ha HMOBipHE ITOCUJICHHS
npolecy ayrodarii y MOHOLIMTaX MOPiBHSHO 3 LIMBiJIb-
HUMM 0COOAMU TOTO X BiKY, SIKE BTIM HE JOCSITa€ Mo-
Ka3HUKIiB UMBIIbHUX 0ci0, Mojyoaiie 50 pokiB. [1poTe,
3Bakalouu Ha 3HMXKeHY ekcrpecito SOQSTM 1, moxHa
MPUITYCTUTU 3HIDKEHHSI e(eKTUBHOCTI CEJIEKTUBHOL
ayrodarii, He3BaXkaro4 Ha BMUCOKIi MTOKA3HUKM ii aK-
tuBaliii. [IpurHiueHHs1 ayTtogarii y BiliCbKOBOCTYX-
0oBuiB, Monoauie 50 pokiB, HMOBIpHO MOB’s3aHE 3
iH(eKLiHHMMU areHTaMu, 1110 MPSIMO JAil0Th Ha KJIiTHU-
HW iMyHHOI CUCTEMM, Ta (DiI3MYHUM i TICUXOEMOIIili-
HMM HaBaHTaXEHHSIMM, 110 AilI0OTb OMOCEPEIKOBAHO
yepe3 TOpPMOHAIbHI Ta HEWPOEHAOKPWUHHI 3MiHU i
3pEIUTO0 3HMXYIOTh 3JaTHICThb KIIITUH e(EeKTUBHO
peryaroBaT MeEXaHi3MU KJITUHHOTO T'OMEOCTa3y.
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tein in lymphocytes and granulocytes was less intense
in the servicemen under 50 years of age. At the same
time, the AAF of PB lymphocytes did not undergo
significant changes, and the AAF of granulocytes
decreased, especially in older individuals. The spon-
taneous level of LC3B protein and AAF in PB mono-
cytes of the servicemen over 50 years of age was
slightly higher than in the civilians of the same age.
The accumulation of LC3B protein in PB monocytes
was reduced in the servicemen under 50 years of age,
which affected the AAF. The changes also affected
the gene expression indices. Thus, we found a
decrease in MTOR expression in the servicemen
under 50 years of age, and the expression of PRKAAI,
the second autophagy regulator, was not changed. In
addition, the expression of RBICCI and MAPILC3B
decreased. In the servicemen over 50 years of age, the
expression of ULK1 and MAPI1LC3B was higher than
in the younger servicemen, and P/K3C3 was higher
than in the civilians of their age. Only the expression
of one gene was reduced in both groups of the ser-
vicemen — SOQSTM 1. In general, low levels of MTOR
expression together with the absence of changes in
PRKAA expression in the servicemen under 50 years
of age could indicate an increase in autophagy activ-
ity. At the same time, the decrease in the expression
of the RBICCI, MAPILC3B and SQSTM]I, along
with certain levels of LC3B protein and AAF of PB
leukocytes, may indicate a disturbance in the process
of autophagosome assembly itself, selective target
recognition and its fusion with the lysosome, even
under the condition of correct receipt of activation
signals. The increase in the expression level of ULK ],
MAPILC3B and PIK3C3 against the background of
high AAF in PB monocytes of the servicemen over 50
years old indicates a probable enhancement of the
autophagy process in monocytes compared to the
civilians of the same age, but not reaching the indices
of the civilians under 50 years old. However, due to
the reduced expression of SOSTM 1, a decrease in the
efficiency of selective autophagy can be assumed,
despite the high indices of its activation. Suppression
of autophagy in servicemen under 50 years of age is
probably associated with infectious agents directly
affecting the cells of the immune system and physical
and psychoemotional stress, acting indirectly due to
hormonal and neuroendocrine changes, and ulti-
mately reducing the ability of cells to effectively reg-
ulate the mechanisms of cellular homeostasis.
Increased AAF in PB monocytes of the servicemen
over 50 years of age may be associated with age-relat-
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ITinBuiennst AAF aytodarii y moHoruTax ITK Bifickko-
BOCJIy>k00BIIiB, cTapiie 50 pokiB, MOXJIUBO TIOB’sI3aHE 3
BIiKOBOIO TUC(YHKIIIEIO IMX KITITUH, OCKIJIBKY ITiJT Jac
CTapiHHS aKTUBi3yIOThCSI XPOHIUHI 3amajibHi MPOLIECH,
MOB’s13aHi 3 CUHTE30M iH(dIaMacoM i Ipo3anajbHUX I1-
TOKiHiB. MOXXHa MPUITYCTUTH, 1110 aKTUBaLlis ayTodarii y
MOHOLIMTAaX BiIOYBa€TbCsl y BiAIOBiAb Ha MOPYLIEHHS
3aIajabHOI BiATIOBIAi, ajie pa3oM 3i 3HMKEHHSIM 11 aKTH-
Ballil y TpaHYJIOLMTAX i BiACYTHICTIO 3MiH Y JiM(OIIUTaX,
MOXK€ CBIIUMTH IIPO IMIATPUMKY peakilii 3aIrraieHHsI.

3MiHM TTOKa3HUKIB ayTodarii y BiliCbKOBOCTY>KOOBIIiB
MOXYTh OYTM 4aCTKOBO MOB’sI3aHi 3i LIKiIJTUBUMU 3BUY-
kamu. Tak, KypiHHS BIUTMBA€ Ha (DYHKIIIOHYBaHHS aJlb-
BEOJISIPHUX MakpodariB. AlbBeoIsIpHi Makpodaru Kyp-
LiB JeMOHCTPYIOTh nedeKTHy ayTodariio, 1o MoxXe
CIIPHUSITHA HAKOIMMYEHHIO arperaTiB, aHOMaJbHOMY (DyHK-
IIOHYBaHHIO MIiTOXOHIIPIii i JeheKTHOMY KIlipeHCy OaK-
tepiit [39]. IHribyBaHHs aytodarii micjisl BIUIMBY CHUTIa-
PETHOTO JUMY MOCUJTIOE HAKOMMMYEHHS p62 i1 yOiKBITH-
HOBaHUX OIJKiB B eMiTeJiaJIbHUX KJIITMHAX IUXaJIbHUX
LIUISIXiB, 100 MPU3BOAUTH A0 MPUCKOPEHHS KJIITUHHOTO
cTapiHHs Ta HaOyTTd KiaituHamu SASP 3 mpoaykiiiero
CXCLS, imiTytoun 3MiHHU, 110 CITOCTEPIraloThCS B KITITH -
Hax TIpY XpOHIYHOMY OOCTPYKTMBHOMY 3aXBOPIOBaHHI
JereHsb [40].

OKpiM TOro, opraHiam BilICBKOBOCY>KOOBIIiB 3a3HA€
BIUIMBY PIi3HUX XiMIYHMX PEUYOBUH, 11O BUILISIIOTHCS
MpU 3acTOCyBaHHi pi3Horo Bumy 30poi. Hampuknan,
XPOHiYHa J1is1 BACOKMX 200 HU3bKUX 103 O€H30/1y — MPO-
MUCJIOBOTO XiMiKaTy, IIO IIMPOKO BUKOPHCTOBYETHCS,
MoB’s13aHa 3 TeMAaTOTOKCHUYHICTIO i PO3BUTKOM arljiac-
TUYHOI aHeMil, Mi€JIOAUCIIJIACTUYHOTO CUHAPOMY i JIeii-
KeMil. ¥ MOHOHyKJIeapax KiCTKOBOTO MO3KYy 0cCi0, 110
3a3HajM XPOHIYHOI Mil OEH30J1y, CIIOCTEPiraaocs Mocu-
JIeHHs aytodarii i 3HmkeHHs piBHS p300, 11e 103BOJISIE
MPUIYCTUTH, 11O iIHAYKIIiS ayTodarii Ta AealieTUIIOBaH-
HSI MOXXYTb OYyTM OCHOBHMM MEXaHi3MOM, 3a JJOIIOMOT'OI0
SIKOro 6€H301 BUKJIMKAE TeMAaTOTOKCUYHICTh, OCKiIbKU Ti-
TIepaKTUBAIlist ayTodarii CipyuanHse 3arnoesTb KITiThH [41].
J1oi3uT — opraHiyHuUit MU’ IK, 1110 BUKOPUCTOBYBAaB-
cs K OoiloBa oTpyiiHa pedyoBuHa TIim vac Ilepmioi ta
Hpyroi cBiTOBUX BO€EH. JII0I3UT NOCUIIOBAB MPOAYKIIilO
ADK y HupKax MHLIEH, 110 TPU3BOAMUIIO A0 aKTUBALl
aytodarii 3 migBuieHoro ekcrpecieto beclin-1, ATG7 ta
LC-3A/B-1I [42]. JlioguHAa 3a3HAa€ TOKCUYHOI il KaaMito
yepe3 3a0pyIHEHi HUM TOBITPsI, BOAY Ta XapyoBi Mpo-
IYKTW, T 4Yac KypiHHS i mpodeciiinnx ymoB [43].
Kanmiii ingykye ayrodarito, akTuBalisl SIKOI CIIPUSIE
aronTo3y MOHOIIMTIB MUIllel i KyasTypu Ramos B-yim-
GouMTIB NIOAMHU, i 3HUKEHHIO iX XXUTTE3AATHOCTI
HaBiTh 32 YMOBU 1HTiOyBaHHSI allONTO3Y, 1110 MOXE MPU3-

ed dysfunction of these cells since chronic inflam-
matory processes associated with the synthesis of
inflammasomes and proinflammatory cytokines
are activated during aging. It can be assumed that
activation of autophagy in monocytes occurs in
response to a violation of the inflammatory
response, but together with a decrease in its activa-
tion in granulocytes and the absence of changes in
lymphocytes, it may indicate support for the
inflammatory reaction.

Altered autophagy parameters in the servicemen
may be partly related to harmful habits. Smoking
affects the functioning of alveolar macrophages.
Alveolar macrophages of smokers demonstrate
defective autophagy, which may contribute to the
accumulation of aggregates, abnormal mitochon-
drial function, and defective bacterial clearance
[39]. Inhibition of autophagy after exposure to cig-
arette smoke increases the accumulation of p62
and ubiquitinated proteins in airway epithelial
cells, which leads to accelerated cellular senes-
cence and the acquisition of SASP by cells with
CXCLS8 production, mimicking the changes
observed in cells with chronic obstructive pul-
monary disease [40].

In addition, the organism of the servicemen is
exposed to various chemicals released by the use of
different types of weapons. For example, chronic
exposure to high or low doses of the widely used
industrial chemical benzene has been associated
with hematotoxicity and the development of aplas-
tic anemia, myelodysplastic syndrome, and
leukemia. Increased autophagy and decreased
p300 levels were observed in bone marrow
mononuclear cells from individuals chronically
exposed to benzene, suggesting that induction of
autophagy and deacetylation may be the primary
mechanism by which benzene causes hematotoxi-
city, since hyperactivation of autophagy causes cell
death [41]. Lewisite is an organic arsenic that was
used as a warfare agent during World War I and
World War II. Lewisite exacerbated ROS produc-
tion in mouse kidneys, resulting in the activation
of autophagy with increased expression of beclin-1,
ATG7, and LC-3A/B-II [42]. Humans are
exposed to cadmium toxicity through air, water,
and food contamination, smoking, and occupa-
tional exposure [43]. Cadmium has been shown to
induce autophagy, activation of which promotes
apoptosis in mouse monocytes and human Ramos
B-lymphocyte cultures, and a decrease in their
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BECTH 10 TOPYIIEHHSI iMyHHOI BilIMOBi/li, OMOCEPENKO-
BaHO1 MoHoLMTamu [43, 44]. B oci0b, sKi nmocTpaxnaiu
Bif Aii impuTy, Y KJIITUHAX JereHb OYyJIu IiABUILEHI piBHi
MPHK LC3, mpore 6imok LC3B i cniBBimHOILIEHHS
LC3II/LC3I 6ynu 3HmxeHi [45]. BuxionHi rasu nm-
3eJIbHMX [BHUTYHIB BIJIMBAIOTh Ha XUTTE3MATHICTHb
KJIITUH OpPOHXiaIbHOTO eIliTeNit0, ITOCUIIOI0UM aIloITo3 i
HeKpo3, 30inblIyioun ayTodariyHui MoTiK Ta iHAYyKYIO-
yu nipoaykiriro 1L-18 [46].

ITpu nepeOyBaHHi y 30HI OOMOBUX Oiii MOXIMBUM €
NepeoXoJIOIXKEHHSI, OOMOPOXEHHSI B3UMKY ab0 TerJio-
BUIi1 Ta COHSIUHUN ymapH BJITKY, a TAKOX 3MiHa ToJiepa-
HTHOCTI OpraHi3My A0 HaaMipHOi (pi3WYHOI aKTMBHOCTI
mig yac aii HU3bKKUX ab0 BUCOKHUX TemIiepaTyp. limo-
TepMisl € KPUTUYHUM HACJiJIKOM BILUIMBY €KCTpeMalb-
HOT'O XOJIOAY, IO 30i/MbIIYyE PU3UK XOJIOJOBUX TPaBM i
cmeprti y moaei. King K. ta iH. [47] npumyctiiu, 1o
0COOM TMOXMJIOrO BiKy OyayThb MaTH Tiplily ayTodariyHy
aKTUBHICTB y KiiTnHax [TK, ockinbku 3 BikoM ayrodaris
npurHiuyetrocsa. Ilpore He Oy0 XOAHUX BiKOBUX
BiIMiHHOCTEl B ayToariyHiii akTUBHOCTI B MOHOHYK-
Jneapax ITK monomux ocié Ta oci® mMOXWJIoro BiKy mpu
rinorepmii. Ilpu nmocujieHHi X0JOJOBOroO CTpecy Bindy-
Ba€EThCH iHiliallis ayTodariaHux peakiiiii 3 HAaKOTTMYeH-
HsIM p62, 110 nependadae qucdyHKIIio ayrodarii 3i 3py-
LLIEHHIM y OiK almonTOTUYHMX peakiid [47]. XpoHiuHUI
BIUIUB XOJIOAY BUKJIMKA€ HEMPOHHMM OKMCIIOBAJIbHUN
CTpec, 3anajbHi YIIKOIXEHHs Ta ayTodarito [48]. [1pu
iHTEeHCUBHOMY (bi3MYHOMY HaBaHTaX€HHi CIIOC-
TepiraeTbCs MiABMILIEHHSI eKcrpecii reHiB ayrodarii
(BNIP3, BECNI, MAPILC3B, ATGS, ATG7, ATGI12,
ATGI6L1 i SOSTMI) y neiikouurax IIK, mo moxe
CBIIYUTU MPO Y4YacThb y PEryJsllil aKTUBHOCTI JIEHKO-
LUTiB Mifg 4yac iHTeHCHBHUX BIpaB [49]. TimokcuuHi
BIIpaBM 3HAYHO TIPUTHIUYBaJIM ayTodariio 3a paxyHOK
3HMKEHHS ekcrpecii beclin-1, Atg-1, LC3-11, Atg-12 Ta
LAMP-2 i ogHouacHo nocuitoBanu anonto3 CD4* T-
JIIM(OLUTIB, OgHAK 4Yepe3 I’SITh TUXKHIB iHTEHCUBHUX
TpeHYBaHb PO3BUBAaJjacs aJalTMBHA BilMNOBiAb, 110 Xa-
pakTepu3syBajacsa MiIBUIIEHHSIM ekcripecii beclin-1,
TUM CaMMM CIpUSIOUM ayTodarii, i TpUTHiYEeHHSIM
anorro3y [50]. HocnimxeHHs ayTodarii y MOHOHYKJIea-
pax IIK Moyogux 4oJIOBiKiB MoKa3ajo 30iJblIeHHS
piBHiB LC3-1I, beclin-2, ULKI1 3i 3HMmXeHHsIM p62, 1110
CYIPOBOIXYBaJoCs MiaABUIIEHHSAM piBHiB TNF-o it
poO31IeIIeHOi Kacra3u-3 Mpu 3MiHi iHTEHCUBHOCTI
(¢iznuHOrOo HaBaHTaXKEHHS. A TIpY BUKOHAHHI (Pi3UIHNX
BIIpaB IPU BUCOKIi TeMIepaTypi HaBKOJIUIITHHOTO Cepe-
JOBHILIA, CIIOCTepiranocs Bearke HakonuueHHss LC3-11
i po31ieruieHol Kacrasu-3, ogHak piBHi beclin-2 3HMXY-
Banucs [51]. HatoMicTb cTumylisiiist ayrogarii B MOHO-

viability even when apoptosis is inhibited, which
may impair monocyte-mediated immune response
[43], [44]. In mustard gas victims, LC3 mRNA
levels were elevated in lung cells, but LC3B protein
and the LC3II/LC3I ratio were decreased [45].
Diesel exhaust gases affect the viability of
bronchial epithelial cells by enhancing apoptosis
and necrosis, increasing autophagic flux, and
inducing IL-18 production [46].

When in a combat zone, hypothermia, frostbite
in winter or heatstroke and sunstroke in summer
are possible, as well as a change in the body’s tol-
erance to excessive physical activity during expo-
sure to low or high temperatures. Hypothermia is a
critical consequence of extreme cold, which
increases the risk of cold-related injuries and death
in humans. King K. et al. [47] suggested that older
adults would have worse autophagic activity in PB
cells, since autophagy is inhibited with age.
However, there were no age-related differences in
autophagic activity in PB mononuclear cells from
young and older individuals under hypothermia.
With increasing cold stress, autophagic reactions
are initiated with the accumulation of p62, which
suggests autophagy dysfunction with a shift toward
apoptotic reactions [47]. Chronic exposure to cold
causes neuronal oxidative stress, inflammatory
damage and autophagy [48]. During intense phys-
ical exercise, an increase in the expression of
autophagy genes (BNIP3, BECNI, MAPILC3B,
ATGS, ATG7, ATG12, ATG16L1 and SOQSTM1I) in
PB leukocytes is observed, which may indicate
involvement in the regulation of leukocyte activity
during intense exercise [49]. Hypoxic exercise sig-
nificantly suppressed autophagy by reducing the
expression of beclin-1, Atg-1, LC3-11I, Atg-12 and
LAMP-2 and simultaneously increased the apop-
tosis of CD4* T-lymphocytes, but after five weeks
of intense training, an adaptive response devel-
oped, which was characterized by an increase in
beclin-1 expression, thereby promoting autophagy
and inhibiting apoptosis [50]. A study of autophagy
in PB mononuclear cells from young men showed
an increase in the levels of LC3-11, beclin-2, ULK1
with a decrease in p62, which was accompanied by
an increase in the levels of TNF-o and cleaved
caspase-3 with a change in the intensity of physi-
cal exercise. And when performing physical exer-
cise at a high ambient temperature, a large accu-
mulation of LC3-II and cleaved caspase-3 was
observed, but the levels of beclin-2 decreased [51].
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Hykieapax 1K oci0 moxuioro BiKy BimOyBasiacst JUIlE
mig yac (pisMYHUX BOpaB BUCOKOI iHTEHCUBHOCTI, a MpHU
BUKOHAHHI BIIpaB B YMOBaxX BMCOKOI TeMIIepaTypu HaB-
KOJMIIHLOro cepenoBuia, peakuis LC3-1II craburana i
HaKOIMM4yBaBcs p62, 110 MOXE CBITYUTH PO MiIBUILIE-
HY KJIITUHHY Bpa3JIMBICTb J0 TEIJIOBOTO CTPECY, CIIPUIN-
HeHOoTo (Pi3MYHUM HaBaHTaXeHHsM [52]. BiitcbkoBi
TPEeHYBaHHSI, 1110 CYMPOBOIXKYBAINCS ASDILIUTOM eHep-
rii, mpusBean Ao aktuBauii ULKI i 30inbl1eHHsT CmiB-
BimHomenHss LC3B-11/1, mo nepembavae ImigBulleHe
YTBOpeHHS ayTodarocom i aktuBallifo ayrodarii. Xouda
JKOIHUX 3MiH y piBHSIX Oinka beclin-1 BusiBIeHO He OYJ10,
1le MOXe BKa3yBaTW Ha Te, IO peryJjsiis ayTodarii He
3aJIexXKUTh Bil piBHiB beclin-1, ane mMoxke 3ajexaTd Bif
¥oro 3gaTHOCTI 3B’s13yBatucs 3 VPS34 [53].

HanmipHi ¢iznuHi HaBaHTaXKeHHS MOXKYTh CIIPUUMHSI-
TU CEPHO3Hi IMOILIKOMXEHHSI M’S130BO1 TKAHUHU 3 Hac-
TYIHAM BUKUAOM KJIITUHHUX KOMIIOHEHTIB (€JIEKTPO-
JIiTiB, OIJIKiB) Y KpPOBOTIK, TOOTO pabaoMioii3oM, IO
MPU3BOAUTDH A0 TOCTPOI HUPKOBOI HEIOCTaTHOCTI, cep-
11eBoi apuTMii Ta cMepTi [54]. dani 3a 2019 pik mokasa-
JIK, 1o cepen BificbkoBocayk00B1iB CIITA yacToTa pabd-
nomiofizy ctaHoBuTh 38,9 Ha 100 000 ocib y pik [55].
VY nocmimkeHHi [54] 226 6inKiB ceui, ITOB’SI3aHMX 3 IMyH-
HOIO CHCTEMOIO, KJIITUHHOIO a[Ir€3i€10 Ta OKUCIIIOBAJIb-
HO-BiTHOBJIIOBAaJIbHUM TOMEOCTa30M, 3HAYHO 3MiHUJI-
csl Iig yac pabaoMiosi3y, MpoanuBalouu CBITJI0 Ha IaTo-
reHe3 3aXBOpIoBaHHS. Ayrodaris, IK MexaHi3M, 3ajTyde-
HU 10 MATPUMKHN OKMCIIIOBAJIbHO-BiTHOBIIOBAILHOTO
romMeocTasy, Moxe OyTH KOPMCHUM IIPEIMETOM JOCIilI-
JKEHHSI MeXaHi3MiB pabaoMioJi3y.

TpaBMu, oTpuMaHi BifiCbKOBOCIYKOOBISIMU, TaKOX
MOXYTb BIUIMBATU Ha MOKa3HUKU ayTodarii. [Tpu Hene-
TaJIbHOMY TpaBMaTUYHOMY VIIKOIKEHHI MioKapaa
crocTepirajocsd 3HIKeHHS ayTodarii, 1110 MoXe CIIpus-
TU MITOXOHAPiaJdbHiN AUCOYHKIIIT i TOLIKOIXKEHHIO Cep-
s [56]. YepenHo-mo3koBa tpaBma (UYMT) y BiiicbKo-
BOCJIY>KOOBIIiB € XapaKTepHOIO TPaBMOIO, 1110 TIOB’sI3aHa
3 BUHUKHEHHSIM JTOBTOCTPOKOBHUX ITIOBEIiHKOBHUX i
KOTHITUBHUX mpoonem [57]. JdocmimkeHHST HEeWpPOHiB
MaIliEHTIB 3 XPOHIYHOI TPaBMAaTUYHOIO eHIedaso-
MaTi€lo MoKa3ajo MiABUIIEHY KiJbKiCTb p62-TIO3UTUB-
HUX HEWPOHIB Ha BCiX MaTOJOTIYHUX CTalisx, IO,
MMOBiIpHO BKa3ye Ha HasIBHiCTb MPOOJIeM 3 OUUIIICHHSIM
Bil KJIITUHHOTO NeOpUCY yepe3 MOpyIIeHHs ayTodarii,
noAiOHUX A0 TUX, IO CIIOCTEPiraloThCs MPU XBOPOOi
Anbureiimepa [57]. TlepuBackysipHi IIpOCTOPU B TiMo-
KaMITli MMIIEH, 110 3a3HaJM BIJIMBY BUOYXOBOI XBWII,
YacTO MICTUJIU TUTbLS BKJIIOYEHbB, TPAHYJIU Jinodyciu-
Hy, Mi€JliH Ta ayTodariuni Bakyosi [58]. ITinTBepaKeHHs
aKTHWBAallii ayrodarii y TKaHMHaX JIOOHO1 TiJITHKI MUTIIEH

However, stimulation of autophagy in PB
mononuclear cells from elderly people occurred
only during high-intensity physical exercise, and
when performing exercise at a high ambient tem-
perature, the LC3-II response weakened and p62
accumulated, which may indicate an increased
cellular vulnerability to exercise-induced heat
stress [52]. Military training, which was accompa-
nied by an energy deficit, led to the activation of
ULKI1 and an increase in the LC3B-11/I ratio,
which suggests an increased formation of
autophagosomes and activation of autophagy.
Although no changes in beclin-1 protein levels
were detected, this may indicate that autophagy
regulation is not dependent on beclin-1 levels but
may depend on its ability to bind to VPS34 [53].
Excessive physical activity can cause severe dam-
age to muscle tissue followed by the release of cellu-
lar components (electrolytes, proteins) into the blo-
odstream, i.e. rhabdomyolysis, which leads to acute
renal failure, cardiac arrhythmia and death [54].
Data from 2019 showed that among US military
personnel, the incidence of rhabdomyolysis is 38.9
per 100,000 people per year [55]. In a study [54],
226 urinary proteins associated with the immune
system, cell adhesion and redox homeostasis were
significantly altered during rhabdomyolysis, shed-
ding light on the pathogenesis of the disease.
Autophagy, as a mechanism involved in maintaining
redox homeostasis, may be a useful subject for
investigating the mechanisms of rhabdomyolysis.
Trauma in the servicemen may also affect
autophagy parameters. Decreased autophagy has
been observed in non-lethal traumatic myocardial
injury, which may contribute to mitochondrial
dysfunction and cardiac injury [56]. Traumatic
brain injury (TBI) is a common injury in service-
men that is associated with long-term behavioral
and cognitive problems [57]. A study of neurons
from patients with chronic traumatic ence-
phalopathy showed increased numbers of p62-
positive neurons at all pathological stages, likely
indicating problems with cellular debris clearance
due to autophagy impairments similar to Alzhei-
mer’s disease [57]. Perivascular spaces in the hip-
pocampus of blast-exposed mice frequently con-
tained inclusion bodies, lipofuscin granules,
myelin, and autophagic vacuoles [58]. Confirma-
tion of autophagy activation in the frontal lobe tis-
sues of mice after blast-induced TBI was demon-
strated in an experiment by Zhou Y. et al. [59].
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nicaga UYMT, cnpuyrHeHoi BUOyXoM, OyJ10 TMOKa3aHO B
ekcnepuMmeHTi Zhou Y. 3i criBaBt. [59]. I1pu nmoBTOpHUX
Jerkux 3akputux YMT y rinmokamiti Mullieid TaKOX CIOC-
Tepirajucs 3MiHU B aKTUBHOCTI ayrodarii [60]. MoHo-
Hykiieapu IT1K oci0d 3 BeIMKUM AENPECUBHUM PO3JIaIOM
XapaKTepu3yBalvCs MiABUIIEHUMU piBHAMU p62 i LC3B,
mo 3anexanu Big C-peakTMBHOTo 0ilKa, a TSKKICTb
CUMIITOMIB po3jiany Oyia IoB’s3aHa 3i 3MiHaMU OiJIKiB,
3aJIy4eHUX Y MiTOXOHApPiaJIbHY TMHaMIiKy il MiTodarito Ta
3amaneHHss [61]. JlocmimkeHHS CUHIPOMY BiliHM Yy
Ilepcokiii 3aTOLIi, TAKOX BilIOMOIO SIK XpOHIYHE MYJIBTH-
CHMIITOMHE 3aXBOPIOBaHHS, JIEMOHCTPYIOTb, IO MiTO-
XOHJIpiaJIbHi MOPYIIEHHS MOXYTh IIPU3BOIUTH IO CUMII-
TOMiB LIbOTO 3aXBOPIOBAHHSI, a ar€HTH, 1110 TTOKPAIIYIOTh
(YHKIIIOHYBaHHSI MITOXOHIpiA, MAalOTh ITOTCHILIa ISt
BiIHOBJIEHHSI KJIITUHHOI eHepril i1 JIikyBaHH [62].
IoHi3ytoue BUMNPOMiHIOBAaHHSI BUKJIMKAE aKTHUBALilO
Pi3HOMAHITHUX CUTHAJAbHMX WLLISIXiB y KJiTWMHiI. Op-
raHiam JIOJIMHU MOXE 3a3HaTU il iOHi3yl0uOro BUII-
POMIHIOBaHHS SIK BHACJIJOK pafialliiHUX aBapiii, Tak i
MpU 3aCTOCYBaHHI SAEpHOI 30poi ITiJ yac BilfHM, TOMY
OyJ10 MPOBEACHO MOCIiIKeHHsI MTOKa3HUKIB ayTodarii B
0ci0, sKi mocTpaxaaau BHacaigok YopHOOMIIbLCHKOI Ka-
tactpodu. B yyacnukiB JIHA na YAEC Takox Oynu
BiJICYTHi 3MiHM MOKa3HUKiB CIMIOHTAHHOIO piBHS Oijka
LC3B y nimdouurax i rpanyiaouutax 1K, npote gk iy
BilICEKOBOCTY:K00BIIiB Cry1 000pOHM YKpaiHW, MOJIOI-
me 50 pokiB, iHTeHcHBHicTh HakomudyeHHsS LC3B y
JiMmonuTax Mmicys iHKyOallii 3 XJIopoxiHOM OyJia HUX4a,
30KpemMa y TUX oci0, sIKi Oy ONpOMiHEHi y 103aX, HUX-
ye 3a 100 m3B. He3Baxkaioun Ha Te, 110 3MiHU PiBHIB
LC3B y nimdpouutax 1K micas iHky6aiiii 3 XJopoxiHOM
Oynu 3adikconaHi auie B yyacHukiB JIHA na YAEC 3
03010 onpoMiHeHHs, HixK4e 100 M3B, a 3MiH CLIOHTaH-
Horo piBHg LC3B He OyJi0 BUSIBJIEHO, TTPOTE B YIACHUKIB
JIHA na YAEC, sxi Oynu onmpoMiHeHi y OiJIbIII BUCOKUX
no3ax, crnoctepiranocs 3HwkeHHI AAF fAx i y nuBijIb-
HuUX ocib, crapuie 50 pokiB, B yuacHukiB JIHA na HAEC,
gKi Oy orpomiHeHi y go3ax Oinbire 100 mM3B, mmokas-
HUK CITOHTaHHOTO piBH 6inka LC3B y Mmonoiurax 1K
OyB HMKUMM. 3HXKeHi noka3zHuku LC3B y MoHo1Tax
IIK micns iHKy6awii 3 XJIOpoXiHOM 30epiraiaucs B JaHUX
JI030BUX TpyIiax, MOPiBHSIHO 3 OijbLI MOJOAIIMMU LM~
BinbHUMU ocobamu. IIpu nbomy B yuyacHukiB JIHA Ha
YAEC, gki Oyau onpoMiHeHi y 1o3ax, Hrkde 3a 100 M3B,
JMaHWA MOKa3HUK OYB 3HUXKEHU, MOPiBHSIHO 3 BilIChKO-
BocIyk00B1IsIMH, cTapiie 50 pokiB. [Tokazuuk AAF mo-
HOLIMTIB TAaKOX 3HMXKYBaBCs, ajie OyB BUIIWUM, HiX Yy
IUBUIBHUX OCiO, cTapiie 50 pokiB, BOAHOYAC MTOKA3HUK
AAF rpaHy10oUMTiB OYB HUXXYUM, HiXK Y IMBUTBHUX OCi0
000x BikoBux rpy1. B yaacnnkiB JIHA na YAEC, 30kpe-
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Changes in autophagy activity were also observed
in the hippocampus of mice after repeated mild
closed TBI [60]. The PB mononuclear cells from
individuals with major depressive disorder were
characterized by elevated levels of p62 and LC3B,
which were dependent on C-reactive protein, and
the severity of symptoms of the disorder was asso-
ciated with changes in proteins involved in mito-
chondrial dynamics, mitophagy and inflammation
[61]. Studies of Gulf War syndrome, also known as
a chronic multi-symptom disorder, demonstrate
that mitochondrial disorders can lead to the symp-
toms of this disease, and agents that improve mito-
chondrial function have the potential to restore
cellular energy and treatment [62].

Ionizing radiation activates various signaling
pathways in the cell. The human body can be
exposed to ionizing radiation both as a result of
radiation accidents and the use of nuclear weapons
during the war, so a study was conducted on
autophagy indices in individuals affected by the
Chornobyl accident. The clean-up workers of the
Chornobyl accident also showed no changes in
spontaneous levels of LC3B protein in PB lym-
phocytes and granulocytes, but as in the service-
men of the Defense Forces of Ukraine under 50
years of age, the intensity of LC3B protein accu-
mulation in lymphocytes after incubation with
chloroquine was lower, in particular in individuals
who were irradiated at doses below 100 mSv. Even
though changes in levels of LC3B protein in PB
lymphocytes after incubation with chloroquine
were recorded only in the clean-up workers with a
radiation dose below 100 mSv and no changes in
the spontaneous level of LC3B protein were
detected, a decrease in AAF was observed in the
clean-up workers who were irradiated with higher
doses. As in civilians over 50 years old, the sponta-
neous level of LC3B protein in PB monocytes was
lower in the clean-up workers irradiated with doses
above 100 mSv. Reduced levels of LC3B protein in
PB monocytes after incubation with chloroquine
persisted in these dose groups compared to
younger civilians. At the same time, this indicator
was reduced in the clean-up workers irradiated
with doses below 100 mSv compared to service-
men over 50 years old. The AAF of monocytes also
decreased, but was higher than in civilians over 50
years old, while the AAF of granulocytes was lower
than in civilians of both age groups. In the clean-
up workers, in particular, in those who were irradi-
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May THX, XTO OyB OlpoMiHeHU y no3ax Hrxk4ye 100 m3B,
ekcnipecit MTOR, RBICCI i SOQSTM1 Gyna HUXYOIO,
HiXX y IUBITBHUX 0ci0, Monoamre 50 pokis, a ULKI 361~
KEHOI0 MOPiBHSIHO 3 BiliCBKOBOCIY>XOOBLISIMU, CTapile
50 poxkiB. Excnpecis BECN 1 6yna HUXKYOIO0, HiXK Y BiliCh-
KOBOCIYX00BIiB 000X BiKOBUX rpyIl. IlopiBHsSIHO 3
BilICBKOBOCTY:KOOBIISIMH, cTapiie 50 poKiB, B yJaCHUKIB
JIHA na YAEC excnipecisg PIK3C3 3umxkyBanacs. B yuac-
HuKkiB JIHA Ha YAEC, siKi Oyiu onmpoMiHeHi y 103aX BU-
me 100 m3B, excripecis rena MAPILC3B Oyina HallHITK-
YOI0, TTOPiBHSIHO 3 BiiCbKOBOCIY>KOOBLSIMU i LIUBUILHU-
MU ocobamu, ctapuie 50 pokiB. Xoua IcuxiuHe i gizng-
He HaBaHTaXXeHHS BHAC/IIIOK BITHU MOTJIM O ITiIBUILIATH
aKTUBHicTb ayTodarii y JieiikouuTax I1K yyacHukis JIHA
Ha YAEC, gk Oys0 BU3HAYEHO y BiliCEKOBOCITY>KOOBIIIB
TOTIO 3K BiKY, 10JaTKOBMIA (haKTOpP Y BUIJISIII OIPOMiHEH-
Hs1, UMOBIpHO YMHUTH MPUTHIYYIOUMiA edeKT. biibi iH-
TEHCHUBHE 3HMXKEHHS PiBHiB €KCIIpecil reHiB ayTodarii y
neiikoumTax I1K ygacnukiB JIHA na YAEC, mopiBHSIHO
3 UUBITBHUMHU 0CO0aMU i BiiCHhKOBOCTY:KOOBLISIMU TOTO
K BiKY, MOX€e BKa3yBaTHl Ha MMOBIpHiCTh iCHYBaHHS BiJl-
JIaJIeHOTo e(eKTy i0Hi3ylouoro BUIIPOMIHIOBAHHS Ha
tpaHckpunuilo PHK reniB, 110 KoayioTh OiJIKM ayTo-
¢ariunoro amapary. Lli 3MiHM MOXYTh 30epiraTucs i Te-
penaBaTucs Ha piBHi Oijika, 1110 MO3HAYAEThCSI HA aKTUB-
HocTi aytodarii. OcKiabku 3MiHM OyJIM BHUpaxKeHi y
pizHux 1030BuUX rpymax yuacHukiB JIHA na YAEC, a xo-
peJisIiii 3 103010 ONPOMiHEHHS He OYJ10 BUSIBIEHO, OTPH-
MaHi pe3yJIbTaTh MOXYTbh OYyTM BTOPMHHUM HAaCJiIKOM
NOpyILIeHb MPOLECiB, 1110 Oy MOIY/IbOBAHi 10HI3yIOUUM
BUIIPOMiHIOBAaHHSIM, MOKJIMBO J0303JIESKHUM YMHOM.
IToxazaHo, 1110 B OMPOMiIHEHUX 3PiJIMX Merakapioiu-
Tax i Mmakpodarax MUIIEi BigOyBa€ThCs HerailHa aKTH-
Ballisl ayrodarii i CIoCTepira€ThCsl IMiIABUILIEHHS ayTO-
¢ariyHOTO KITipeHCY MITOXOHIpiil Ta 3HWKEHHS 3aru-
Oeui kJtiTUH |63, 64]. Ayrodarist 6;10KyBajia iHriOyBaHHS
npoJtidepaltlii, amonro3y Ta nomkomkeHHs JJHK remo-
MNOETUYHMX KJIITUH Opu orpomiHeHHi. HaBmaku, nede-
KTHa ayrodarisg Tpu3Beia OO0 TOTipIIeHHS KIipeHCY
ADK, a Takox enimiHawii nomkomkeHb JHK 3a paxy-
HOK CKOpPOYEHHSI BEJIMKOro Habopy peryassTOpHUX
OiNKiB, KPUTUYHO BaXJIMBUX IS LUISIXiB penapariii
JHK [65]. To6TO0, ayTodarist € KpUTUYHO BasKJIMBOIO IS
MiATPUMKHU CTOBOYPOBOCTI Me3eHXiMaJIbHUX i reMaToII0-
€TUYHUX CTOBOYPOBUX KIIITWH TICJs il iOHi3yI04uoro
BUIIPOMIiHIOBaHHSI, 30KpeMa 3a paxXyHOK 3HIDKCHHSI KiJlb-
kocTi ADK it ycyHeHHs nowkomkeHHs JHK [66, 67].
Henewisa beclin-1 y kiniTuHax JIOAMHM He OJIOKyBaja
peaxiiito aytodarii, omHaK nociaaduia eKCrpecito OiJIKiB
penapaiii nBojaHLoropux po3pusis JJHK Ta yrBopeH-
HsI KOMILIEKCiB penapallii, a TaKoX 3HU3UJa 3JaTHICTh

ated with doses below 100 mSy, the expression lev-
els of MTOR, RBICC1 and SQSTM1 were lower
than in civilians under 50 years old, and ULK] was
reduced compared to servicemen over 50 years old.
The expression of BECNI was lower than in ser-
vicemen of both ages. Compared with servicemen
over 50 years old, the expression of PIK3C3 was
reduced in the clean-up workers. In the clean-up
workers irradiated with doses above 100 mSy, the
expression of MAP1LC3B was the lowest compared
to servicemen and civilians over 50 years old.
Although mental and physical stress as a result of
war could increase autophagy activity in PB leuko-
cytes of the clean-up workers, as determined by
servicemen of the same age, the additional factor
of radiation exposure probably has a suppressive
effect. A more intense decrease in the expression
levels of autophagy genes in PB leukocytes of the
clean-up workers compared to civilians and ser-
vicemen of the same age may indicate the possibil-
ity of a remote effect of ionizing radiation on RNA
transcription of genes encoding proteins of the
autophagic apparatus. These changes may persist
and be transmitted at the protein level, which is
reflected in autophagy activity. Since the changes
were expressed in the different dose groups of
clean-up workers, and no correlation with radia-
tion dose was found, the obtained results may be a
secondary consequence of disturbances of
processes modulated by ionizing radiation, possi-
bly in a dose-dependent manner.

In irradiated mature mouse megakaryocytes and
macrophages, autophagy was shown to be imme-
diately activated, with increased autophagic clear-
ance of mitochondria and decreased cell death
[63], [64]. Autophagy blocked the inhibition of
proliferation, apoptosis, and DNA damage in
hematopoietic cells upon irradiation. In contrast,
defective autophagy resulted in impaired ROS
clearance and DNA damage clearance by reducing
a large set of regulatory proteins critical for DNA
repair pathways [65]. Thus, autophagy is critical
for maintaining mesenchymal and hematopoietic
stem cell stemness following ionizing radiation, in
particular by reducing ROS and eliminating DNA
damage [66], [67]. Deletion of beclin-1 in human
cells did not block the autophagy response, but
weakened the expression of DNA double-strand
break repair proteins and the formation of repair
complexes, and reduced the ability to repair DNA
in cells exposed to ionizing radiation. At the same
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no penapauii JHK y kmiTuHax, 110 3a3Haiu BILUIUBY
ioHi3ylouoro BuMpoMiHOBaHHs. HatomicTh rimepek-
crpecidg beclin-1 pa3om 3 neneitieio Atg7 cripusiiia pemna-
pauii nomkomkeHb JJHK, mpoTe (pyHKIIiIOHATBHICTD ay-
todarii He BigHOoBMIacd [68]. PiGpo6GIaACTU MTPU OCTEO-
pamioHeKpo3i 1IeJenud XapakKTepu3yBalucCs BUIIUMU
piBaaMu LC3-11 Ta ATG7, 110 CIIpusiio CTiRKOCTI KITITUH
JI0 palialiifHO-iHAYKOBAHOTIO aIloNTo3y, a TPUTHIYeHHS
ATG7 aktuByBaso nursix Akt/mTOR i amonrto3 [69].
Heneuis Atg7 30iabplIniIa TSOKKICTh paaialiiiHO-iHIyKO-
BaHOI'0 YILIKOJXEHHSI 1IKipu, OCOOJMUBO TSXKiCTh
¢ibpo3Hux 3MiH, a akTuBauisg nuisaxy Akt-mTOR cropus-
Jla TIaTOreHe3y I1IbOTO MpPOIEecy, 10 BKa3ye Ha BaX-
JuBicTh Atg7 mpu omnpomiHeHHi [70]. He3Baxarouu Ha
IHAYKyBaHHS OiNKiB, TTOB’s13aHUX 3 ayTodarieio (ATF4,
HIF1lo, HIF2a, beclin-1), HakonmuueHHs ayTodarocom,
nosutuBHux 3a LC3A, LC3B i p62, cnoctepiranocs
MPUTHIYEeHHS ayTo(haroizocoMaJlbHOIO IIOTOKY B €HIO-
TeJiaJbHUX KJIITUHAX MicJisl ONpoMiHeHHs [71].

Otxe, BUSIBIIEHI B pe3yJbTaTi OCTiIXEeHb 3MiHU MO-
KyTh BKa3yBaTU Ha MOPYILIEHHS ayTodarii y KJIITUHHIN
JIaHLi iIMyHHOI CUCTEMU iMyHOCKOMIIPOMETOBAHUX OCi0,
IO MOXe IPU3BECTU IO IPUCKOPEHOrO KIITUHHOTO
cTapiHHs, HAOyTTa KiiTuHaMu SASP Ta po3BUTKY cJ1a0-
KOBHMpaXKeHOTo 3arajieHHsT. PakTopaMyu pU3UKYy MOXYThb
OyTu HaaMipHe (i3uyHe Ta ICUXOJIOTiUHEe HaBaHTaXKEH -
HSI, HeCIIPUSITIMBI YMHHUKM HABKOJMIIHBOTO CEPEIO-
BUILIA, 3aTOCTPEHHS HassBHUX COMaTUYHUX 3aXBOPIOBaHb
i JogaTKoBe iH(eKLiiiHe HaBaHTaXKeHHSsI pa3oM 3i 30epe-
JKeHHSIM XpOHIYHOTIO 3aIlajieHHs, a TAKOX BIUIMB iOHi3y-
F0YOr0 BUMIPOMiHIOBAHHSI.

OOMEXEeHHSIMU HaIllOro AOCHIIKEHHSI € BU3HAYEHHS
piBHiB Oinka LC3B nuiie B 3arajibHii momyasiii JimMmgpo-
uutiB ITK 6e3 BUOKpEeMJIEHHSI OCHOBHMX CYOITOMYJIsILIiit
nmimM@onuTiB. TakoxX ekcripecist TeHiB ayTodarii Bu3HayJa-
Jlacs JIAIIe B 3arajibHiit (ppakiiii TeHKOLUTIB i 1151 oOMe-
JKEHOI KiJlbKOCTi TauieHTiB. OTpuMaHi pe3yJabTaTu
BiIMIHHOCTI MOKAa3HUKiB €KCIIpecil IeHiB-peryiasiTopiB
aytogarii y naeitkoumrax I1K w™ixk ocobamm Ttpyn
JOCIII;KeHHST BKA3ylOTh Ha HEOOXiTHICTh 30iJbIIEHHS
KUJIBKOCTi JaHUX JJIs 1X MiATBEpAXeHHS abo CIpoCTy-
BaHHS. Y MOJAJIbIINUX AOCHIIXKEHHIX OyayTh BpaxoBaHi
KJIiHIYHI JaHi MaLi€HTIB, a TAKOX MapKepu 3amnajeHHs,
taki sk NF-kB 1 uuTokinu.

OtpuMaHi pe3yabTaTh AEMOHCTPYIOTb HEOOXiZHiCTb
MOAANBIIOrO NOCHIIXKEHHS poJii ayTodarii, He TiUTbKU K
FOMEOCTAaTUUYHOTO KJIITUHHOIO MEXaHi3My, aJie i SIK po-
1ieCy, 3aJy4eHOro B Peryisiilo YHKIIOHYBaHHS iMyH-
HOI CUCTEMHU Y I'PyIl HaceJIeHHs, 10 3a3Hal0Th HaaAMip-
HOi 6araTo(akTOpHOI il CTPECOPHUX YMHHMKIB, TAKUX
sIK BilicbKoBoCTyx0o0B11i, ydachuku JIHA Ha YAEC,
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time, overexpression of beclin-1 together with de-
letion of Atg7 promoted DNA damage repair, but
autophagy functionality was not restored [68].
Fibroblasts in osteoradionecrosis of the jaw were
characterized by higher levels of LC3-1I and ATG7,
which contributed to the resistance of cells to radi-
ation-induced apoptosis, and inhibition of ATG7
activated the Akt/mTOR pathway and apoptosis
[69]. Atg7 deletion increased the severity of radia-
tion-induced skin injury, especially the severity of
fibrotic changes, and activation of the Akt-mTOR
pathway contributed to the pathogenesis of this
process, indicating the importance of Atg7 in irra-
diation [70]. Despite the induction of autophagy-
related proteins (ATF4, HIF1o, HIF2o, beclin-1),
accumulation of LC3A, LC3B and p62 positive
autophagosomes, inhibition of autophagy-lysoso-
mal flux in endothelial cells was observed [71].
Therefore, the changes revealed as a result of the
studies may indicate a violation of autophagy in
the cellular compartment of the immune system of
immunocompromised individuals, which may lead
to accelerated cellular aging, acquisition of SASP
by cells and the development of inflammaging.
Risk factors may include excessive physical and
psychological stress, unfavorable environmental
factors, exacerbation of existing somatic diseases
and additional infectious load along with the per-
sistence of chronic inflammation, as well as the
effect of ionizing radiation.

The limitations of our study are the determination
of the level of LC3B protein only in the total popu-
lation of PB lymphocytes without distinguishing
the main lymphocyte subpopulations. Also, the
expression of autophagy genes was determined only
in the total fraction of leukocytes and for a limited
number of patients. The obtained results of the dif-
ference in the expression of autophagy regulatory
genes in PB leukocytes between individuals in the
study groups indicate the need to increase the
amount of data to confirm or refute them. Further
studies will take into account the clinical data of
patients, as well as inflammatory markers such as
NF-xB and cytokines.

The obtained results demonstrate the need for fur-
ther research into the role of autophagy, not only as
a homeostatic cellular mechanism, but also as a
process involved in the regulation of the immune
system in population groups experiencing excessive
multifactorial stress, such as the servicemen, the
clean-up workers of the Chornobyl accident, and
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0co0M, 110 MOCTpaXkAaand BHACIIAOK BOEHHUX Jiid, 415
3MEHIIEHHSI PU3MKIB aKTUBaLlil iH(MJIaMeHIXKUHTY i
PO3BUTKY IOJIiMOPOiIHOI ITATONOTriT Yy MaitOyTHHOMY.

BUCHOBKU

1. 'V BiiicbkoBocyk00BLiB Cuil 000poHU YKpaiHU
000X BIKOBMX IpyH ITOKAa3HUKW CIIOHTAHHOTO PiBHS
oinka LC3B y nimpouutax i rpanyirouutax [1K oymu
MoIiOHMMM 0 IMOKAa3HUKIB LIMBIJILHUX OCIO BiIITOBIiJI-
HOTroO BiKY, ITpoTe noka3HuK AAF rpaHyIoLUTIB 3HU-
XKyBaBcsl, 0cO0JIMBO B 0¢i0 crapiuoro Biky. Kpim Toro,
CMIJIbHOIO PUCOI0 OYyJI0 3HMXKEHHS eKCIIpecii reHa
SOSTM1.

2. 3HWXKEHHSI XJIOPOXiH-iHAYKOBAaHOTO HAKOIMMYEHHS
oinka LC3B y nimponmTax i rpanymnonurax [1K BusB-
JIEHO y BilicbKOBOCYK00BLiB Cr1 000poHU YKpaiHu,
mosiogie 50 poki. Ilpu npbomy mokazHuk AAF y
Jnimdouutax ITK He 3a3HaB cyTTeBUX 3MiH. [Toka3zHUK
piBH# 6inka LC3B y monoumTax I1K micist iHkyoOarii 3
XJIOPOXiHOM OYB 3HMXKEHUI, 110 TTO3HAYMIIOCS Ha T0-
Ka3HuKy AAF. CrocTepiranocst 3HUXEHHs eKcrpecii
MTOR, RBICCI i MAPILC3B Ha Timi BiZCYTHOCTI
CcyTTEBUX 3MiH B ekcrpecii PRKAAI. Y BiiicbKOBOC-
Jyx00BLiB Cui 060poHn YKpainu, ctapiie 50 pokis,
MOKa3HUK croHTaHHoro piBHA Oinka LC3B i AAF y
monouwmTax I1K i piBeHb ekcmpecii reHa PIK3C3 y
neiikouutax ITK OyB migBuIlEeHUId, TOPiBHSHO 3
LUBITBHUMM ocobaMu TOTO K BiKy. Excripecist reHiB
ULKI i MAPILC3B 0Gyna BUILOI, HiX Y BiliCbKOBO-
clIyx00B1iB, Mosioaie 50 pokis.

3. B yyacaukiB JIHA na YAEC Takox Oyau BinCyTHi
3MiHM MOKA3HUKIiB CIIOHTaHHOTro piBHY Oinka LC3B y
JnimdouuTax i rpanyigouurax I1K. IIpoTe B yyacHUKIB
JIHA na YAEC, onpoMiHeHux y no3ax suiie 100 M3B,
crocTepirajgocs 3HKeHHS moka3sHuka AAF y miMdo-
murax [1K. 3umxenns mokasnuka LC3B y MoHoumnTax
IIK micns iHKyOallii 3 XJIOpOXiHOM crocTepirajiocs B
oci0, onmpoMiHeHUX y go3ax Bulie 100 M3B, MOPiBHSIHO
3 OUIbLI MOJOAIIMMHU LIMBUILHUMU ocobaMu. [Tokas-
HUK AAF MoHOUMTIB OyB BUIIUM, HiXX Y LMBIIBHUX
oci0, crapie 50 pokiB, a moka3zHuK AAF rpanHyio-
uutiB ITK OyB HMXXYMM, HiX Yy LUBIIBHUX OCi0 000X
BikoBux rpyn. Ilokasuuku ekcrpecii rena BECN] i
PIK3C3 0ynu HUKYMMU, HiXK Y BiiCbKOBOCTY>KOOBIIiB
Cun o6opoHu Ykpainu. B yuacHukiB JIHA na HAEC 3
03010 onpoMiHeHHs1 Hyxkue 100 M3B, ekcrpecis TeHiB
MTOR, ULKI, RBICCI i SOQSTM1 6yna 3HMXEHOIO.
HatowmicTb B 0ci0, 1110 OyJI OTIpOMiHEHi y 103axX BUIIIE
100 m3B, excripecis reHa MAPILC3B 6yna HAXUOIO.
4. BusiBIeHO 3HIKEHHSI XJIOPOXiH-iHAYKOBAaHOTO HAKO-
mmyeHHs LC3B y nim¢oumrax 1K B yuacaHukis JIHA

individuals affected by military action, to reduce the
risks of inflammaging activation and the develop-
ment of polymorbid pathology in the future.

CONCLUSIONS

1. In the servicemen of the Defense Forces of
Ukraine of both age groups, the spontaneous level of
LC3B protein in PB lymphocytes and granulocytes
was similar to those in civilians of the corresponding
age, but the AAF of granulocytes decreased, espe-
cially in older individuals. In addition, a common
feature was a decrease in the expression of SOSTM 1.
2. A decrease in chloroquine-induced accumulation
of LC3B protein in PB lymphocytes and granulocytes
was detected in servicemen of the Defense Forces of
Ukraine under 50 years of age. At the same time, the
AAF in PB lymphocytes did not undergo significant
changes. The level of LC3B protein in PB monocytes
after incubation with chloroquine was reduced, which
affected the AAF A decrease in the expression of
MTOR, RBICCI and MAPILC3B was observed
against the background of the absence of significant
changes in the expression of PRKAAI. In the service-
men of the Defense Forces of Ukraine over 50 years
old, the spontaneous level of LC3B protein and AAF
in PB monocytes and the level of PIK3C3 expression
in PB leukocytes were increased compared to civilians
of the same age. The level of ULKI and MAPILC3B
expression was higher than in the servicemen of the
Defense Forces of Ukraine under 50 years old.

3. The clean-up workers of the Chornobyl accident
also showed no changes in the spontaneous levels of
LC3B protein in the PB lymphocytes and granulo-
cytes. However, the clean-up workers irradiated with
doses above 100 mSv had a decrease in the AAF in
the PB lymphocytes. A decrease in the parameter of
LC3B in PB monocytes after incubation with
chloroquine was observed in individuals irradiated
with doses above 100 mSv compared to younger
civilians. The AAF of PB monocytes was higher than
in civilians over 50 years old, and the AAF of PB
granulocytes was lower than in civilians of both ages.
The BECNI and PIK3C3 expression indices were
lower than in the servicemen of the Defense Forces
of Ukraine. In the clean-up workers with a radiation
dose below 100 mSv, the expression of MTOR,
ULKI, RBICCI and SOSTM1 was reduced. At the
same time, in individuals irradiated at doses above
100 mSy, the expression of MAPILC3B was lower.

4. A decrease in chloroquine-induced LC3B accu-
mulation in PB lymphocytes was revealed in the
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Ha YAEC, onpoMiHeHuX y fo3ax, Huxkde 3a 100 M3B, 51K
i y BilicbKoBOCJIy>k00B1iB Cui 000poHU YKpaiHU, MO-
nomiie 50 pokis. I1pn mbomy mtokaszuuk LC3B y moHo-
mutax 1K micas iHkyOariii 3 xJ1opoxiHoM OyB 3HMXKE-
HUIA, MOPiBHSHO 3 BiliCbKOBOCTYK00BISIMU, cTapiie 50
pokiB. IToaioHo m1o uMBiILHUX OCiO, cTapiue 50 pokiB, B
yagacHukiB JIHA na YAEC, gxi Oynm onmpoMiHeHi y J10-
3ax Oinmbmie 100 M3B, MOKa3HUK CIIOHTAHHOTO DiBHS
oinka LC3B y MoHoruTax [1K 0yB HZKUUM.

5. IToka3Huku cnoHTaHHOro piBHA Oijika LC3B, iioro
HaKOIMMUYEHHS Mic/isl iHKYOyBaHHSI 3 XJIOPOXiHOM, i
AAF y rpanynouurax i aiMmpountax INK muBiapHMX
oci0, crapiie 50 pokiB OyJM MOAIOHMMU IO MOKa3-
HUKiB Oinbln Moyommux ocid. ITpore piBHI Oinka
LC3B y mononurax I1K muBinsHUX ocib, ctapire 50
POKiB, Oy HYXKUMMU, 1110 TTO3HAYMIIOCS Ha ITOKa3HU-
Ky AAF i Moxxe OyTU MOSICHEHO BiKOBOIO 3aJIEXKHICTIO
npoaykiii 6inka LC3B.

6. OTpuMaHi pe3yabTaTi B iMyHOCKOMITPOMETOBAHUX
0Ci0 MOXYTb BKa3yBaTHU Ha MOPYIIEHHS MPOLIECy ayTo-
(barii Ik Ha TpaHCKPUIILIIHHOMY, TaK i Ha TTOCTTPaHC-
JISILIAHOMY PiBHSIX, BIUIMBAIOUM Ha aKTUBallilo, 30ipKy
ayTo(arocoMm, CeJIeKTUBHICTbD, 3IUTTS 3 JIi3ocoOMaMU i
e(eKTUBHICTb Jerpafallii KIIITUHHOTO cMiTTs. BusHa-
YeHi 3MiHM TTOKa3HMKIiB ayTodarii MOXyTh OyTH ITOB s~
3aHi Ha KJIITMHHOMY PiBHi $IK 3 BIKOBUMM 3MiHaMU ca-
MUX JISMKOLUTIB Ta iX (PyHKLIOHYBaHHSI, TaK i 3 HACIi/I-
KaMy MDXKJITHHHOI B3aeMojil 3i crapirouumu abo
MOIIKOIKEHUMU COMATUYHMMM KJITITUHAMM, 1110 HA0y-
BatoTb peHOTUITY SASP. CTpecopHi YMHHUKU, 30Kpe-
Ma iOHi3ylue BUIIPOMiHIOBaHHSI, BUKJIUKAIOTh TOPMO-
HaJIbHi Ta HEMPOEHAOKPUHHI 3MiHM, 1110 MOXYTh MO-
IyJfoBaTy Tipoliec ayrodarii. JloBrorpuBana Iu3pery-
JISLisE MexaHi3MiB ayTodarii MoxXe IMiJABUILIUTH PU3UK
aKTUBallil XpOHIYHOIO 3amajieHHs, 10 IepPeXOJUTh B
iH(IAMENIKUHT i 3peIlTOI0 MPU3BOAUTH 10 PO3BUTKY
MoJIiMOPOiTHOI COMaTUYHOI MaTOJIOTII.

IHdpopmauia npo piHaHCyBaHHSA

PoGota BukoHaHa y pamkax maHoBoi HIIP «Moneky-
JIIPHO-TEHETUYHI Ta KIITWHHI MapKepu iHbIaMen-
JKMHTY Y JISMKOLMTAaX nepu@epuyHoi KpoBi ocid, mocT-
paxkmammx BHacmigok aBapii Ha YAEC (2022—2024 pp.)».
Ne nepsxpeectparii 0122U001203 3a ¢piHaHCcyBaHHS
HAMH VYxkpainu.

KoHdnikT iHTepecis
ABTOpPH 3asBJISIIOTH TIPO BiICYTHICTh KOH(MJIIKTY iHTe-
peciB.

clean-up workers irradiated at doses below 100 mSy,
as well as in the servicemen of the Defense Forces of
Ukraine under 50 years of age. At the same time, the
parameter of LC3B in PB monocytes after incuba-
tion with chloroquine was reduced compared to the
servicemen over 50 years of age. Similar to the civil-
ians over 50 years of age, the clean-up workers who
were irradiated at doses greater than 100 mSv had
lower spontaneous levels of LC3B protein in PB
monocytes.

5. The spontaneous levels of LC3B protein, and its
accumulation after incubation with chloroquine and
the AAF in the PB granulocytes and lymphocytes of
the civilians over 50 years old were similar to those of
the younger individuals. However, the levels of
LC3B protein in the PB monocytes of the civilians
over 50 years old were lower, which was reflected in
the AAF and can be explained by the age depend-
ence of LC3B protein production.

6. The obtained results in immunocompromised
individuals may indicate a disturbance of the
autophagy process at both transcriptional and post-
translational levels, affecting activation, autophago-
some assembly, selectivity, fusion with lysosomes
and the efficiency of cellular debris degradation.
Certain changes in autophagy parameters may be
associated at the cellular level with both age-related
changes in the leukocytes themselves and their func-
tioning and as a result of intercellular interactions
with aging or damaged somatic cells acquiring the
SASP phenotype. Stress factors, in particular ioniz-
ing radiation, cause hormonal and neuroendocrine
changes that can modulate the autophagy process.
Long-term dysregulation of autophagy mechanisms
can increase the risk of activation of chronic inflam-
mation, turning into inflammaging and, ultimately,
the development of polymorbid somatic pathology.
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